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REVIEW of the results of treatment of dia- 
betic coma on the Medical Service at the 
Massachusetts General Hospital in the pre-insulin 
era shows that the mortality rate was close to 100 
per cent. In the period from January, 1942, to 
November, 1944, there was a mortality of 20 per 
cent in a series of 35 severe and moderately severe 
cases of diabetic acidosis. This drop in mortality 
in the twenty years following the discovery of in- 
sulin represents a tremendous improvement. How- 
ever, such a mortality in any acute illness consti- 
tutes a serious challenge. At that time we had 
tended to accept this death rate as the best we could 
do with the type of patient and the conditions of 
work that are to be found in a large general hospital. 
This acceptance was in part justified by the figures 
published from other similar clinics as shown in 
Table 1. 
The low mortality rate at the New England Dea- 
coness Hospital was discounted as being due to a type 


Tast I. Deaths in Diabetic Acidosis. 
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no deaths. 


of patient more favorable for treatment, and to a 
permanent staff with more experience in this special 
field than might be found in a general hospital. Late 
in 1944, however, under some chiding from Dr. 
Joslin and his associates, we determined to make 
an all-out effort at the Massachusetts General 
Hospital to reduce our death rate in diabetic acidosis. 
*From the Medical Massachusetts General Hospital. 
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This new effort included more aggressive treat- 
ment on the part of the house staff, more active con- 
sultation with the visiting staff and laboratory serv- 
ice (hitherto lacking at night and on holidays) 
whenever needed. The prompt improvement in 
our results can be attributed in part to each of 
these changes, but the greatest share of the credit 
goes to the interns and residents whose zeal and 
skill made this record possible. This paper reports 
our success in 67 consecutive cases admitted to the 
medical wards of the Massachusetts General Hos- 
pital between November 1, 1944, and June 1, 1950. 
The single fatality was the thirteenth case in this 
series, a 75-year old woman who died in July, 1945. 
Since that time, 54 consecutive patients have sur- 
vived.f 


MATERIAL 


This series includes all the severe and moderately 
severe cases of diabetic acidosis treated over a 
period of five and a half years, except for those 
patients admitted to the Pediatric Service and to 
the private floors. Mild cases of acidosis were ex- 
cluded; in the series all but 6 patients had a serum 
carbon dioxide content of less than 10 milliequiv. 
per liter. Fifty-seven patients accounted for the 
67 admissions. Eight patients were admitted twice 
in diabetic acidosis and one patient had three ad- 
missions. There were 28 males and 29 females. 
The average age was 36 years. The youngest was 
14; the oldest was 75. In tabulating the data (Tables 
2, 3 and 4) it was found convenient to divide the 
cases into three groups according to a rough estimate 
of the severity of each case. Group A contains the 
severe cases, Group C the moderate ones. Group 
B includes those patients who in our experience had 
acidosis of “‘average” severity. 


Curnicat Data 


Precipitating factors. An attempt was made in 
each case to determine the factors that led to aci- 
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dosis. ‘The most frequent cause was infection. 
Long-continued neglect of the diabetic regimen was 
found almost as frequently. One third of the pa- 
tients had neglected to take their insulin for a 
period of one to three days prior to admission. One 
half of the patients appeared to have developed 
diabetic acidosis as a result of a combination of 
two or three of these factors. There were 13 pa- 
tients whose diabetes had not previously been 
diagnosed or treated. In 4 cases the cause of dia- 
betic acidosis was not determined. 

Condition on arrival. The record in each case 
contains a brief description of the mental state of 
the patient on arrival. This is summarized in 
Table 6. 

The term “semicomatose” is used to describe the 
state in which the patient is able to respond only 
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acidosis can occur in the absence of coma and shock; 
in fact, several of our acidosis deaths prior to 1944 
occurred in patients whose condition on admission 
to the hospital was not at all alarming'® (Table 7). 


LABORATORY DATA 


Blood sugar. Determinations of the blood sugar 
were made every one to three hours during the first 
twenty-four hours of treatment. The highest initial 
blood sugar was 1280 mg. per 100 cc., and the aver- 
age for thé entire group was 597 mg. The average 
for the 21 patients in Group A was 829 mg. 

As a rule, the blood sugar fell quite steadily after 
the first two hours of treatment reaching normal 
or near-normal levels in twelve to eighteen hours. 
In a number of the severest cases the blood sugar 
remained above 800 mg. for twelve hours or longer, 


Taare 2. Group A: Severe Acidosis. 
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10422. 19 and 21 not included in average. 


to painful stimuli. In this series only one patient 
was completely unconscious on arrival, but several 
others lapsed into coma soon afterward. It is in- 
teresting to note that although 76 per cent of the 
patients in this series were considered critically ill 
on arrival only 34 per cent had a marked depression 
of the level of consciousness. 

The blood pressure was determined in each case 
on admission. Most of the patients had diastolic 
pressures ranging from 60 to 85 mm. of mercury; 
thirteen had diastolic pressures under 60 mm., 
and in one of these the blood pressure could not be 

ined. 

It has been repeatedly pointed out? * that among 
the factors contributing to death in diabetic aci- 
dosis the depth of coma and the depression of the 
blood pressure are most important. It should be 
emphasized, however, that deaths from diabetic 


despite large doses of insulin. In the few instances 
in which considerable quantities of dextrose were 
administered early in the treatment the blood sugar 
rose at first and declined more slowly than it did in 
patients who received little dextrose. This obser- 
vation confirms a recent report by Franks and his 
co-workers.‘ 

Serum carbon-dioxide content. This was deter- 
mined on admission, and at one- to six-hour inter- 
vals during the first twenty-four hours of treatment. 
The average carbon-dioxide level for the series was 
7.2 milliequiv. per liter. The highest was 12.3 and 
the lowest was 3.7. Although in the 21 severest 
cases the average was slightly lower (6.7 milliequiv. 
per liter), the carbon-dioxide level was not a re- 
liable guide to the severity of the patients’ illness, 
as Collen? has pointed out. In the present series the 
carbon-dioxide level began to rise quite regularly 
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during the first two or three hours of treatment, 
reaching levels of 18 to 27 milliequiv. per liter in 
five to twenty hours. In 2 cases values above normal 
(36 and 41 milliequiv. per liter, respectively) were 
obtained at the end of the twenty-four-hour period. 
One of these patients had received intravenously 
52.5 gm. of sodium bicarbonate, an unusually large 
amount. 

Blood nonprotein nitrogen. This was determined 
in 51 cases and was above 40 mg. per 100 cc. in 32 
cases. In 15 of the 21 severest cases, the nonpro- 
tein nitrogen was over 60 mg. In all but 2 cases it 
had returned to normal in twenty-four hours. 

Serum sodium, chloride, potassium and inorganic 
phosphorus. Determinations of these blood con- 
stituents were made on a number of the patients 
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management of treatment. The staff physician was 
called to see each case, and the author saw approxi- 
mately half the cases. A laboratory technician 
was kept on duty for blood chemical determinations 
until the patient was considered out of danger. 
As soon as the diagnosis of diabetic acidosis was 
made, the patient was started on insulin and intra- 
venously administered fluids, as described below. 
A history was obtained when possible, and a careful 
physical examination was made in a search for 
infection, surgical emergencies and other complica- 
tions. Blood was drawn at once for various chemical 
determinations. When it seemed advisable, an in- 
dwelling Foley catheter was placed in the bladder. 
A gastric lavage was performed when it was indi- 
cated by vomiting, nausea or inability to take fluids 


Taare 3. Group B: Acidosis of Average Severity. 
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and are summarized in Table 8. The serum sodium 
and chloride tended to be distinctly below normal. 
The serum potassium and phosphorus tended to be 
above normal on admission and to fall to subnormal 
levels during the first few hours of treatment. 
These findings are in agreement with those of other 
observers." 1 


TREATMENT 


General measures. Each case of diabetic acidosis 
was treated as an acute medical emergency. A house 
officer remained in constant attendance during the 
first twenty-four hours of treatment or until the 
patient’s condition warranted routine ward care. 
A medical resident also took an active part in the 


by mouth. Digitalis and various stimulants were 
employed in a limited number of patients. Penicillin 
came to be used routinely. 

A treatment record, called a Coma Sheet” was 
pinned to the wall by the bedside. At half-hourly 
or hourly intervals there were recorded on this sheet 
the patient’s blood pressure, pulse, respiration and 
mental state; the amount and type of fluid given 
intravenously; the amount and type of fluid taken 
by mouth; the urinary output and the fluid lost by 
vomiting or lavage; the result of tests for urinary 
sugar and acetone; the dosage of insulin and other 
medications; and the pertinent reports from the 
chemistry laboratory. In this way a fairly complete 
chronologic account of the treatment and the prog- 
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ress of the patient was readily available for re- 
view and consultation. 

Insulin. The initial dose of insulin, given as 
soon as the diagnosis was established, ranged from 
50 to 200 units, depending on the seriousness of the 
case. The second dose was usually delayed until 
the report of the first blood sugar had been received. 
Thereafter insulin was given every half hour or hour, 
depending on the case and the response of the blood 
sugar. When a large dose was given half of it was 
usually given intravenously. In the more severe 

doses of 100 to 200 units were given every 
half hour until the blood sugar had made a satis- 
factory response. The dosage was then reduced and 
the interval between doses lengthened, administra- 


Tasre 4. Group C: Moderate Acidosis. 


July 8, 1981 


average dose of insulin was 518 units in the first 
twenty-four hours. The mortality in that series was 
20 per cent. Our present practice had its beginnings. 
in a suspicion that some of these patients had died“ 
because we had failed to administer sufficient 
amounts of insulin. As the present series grew, it 
was found that patients could safely tolerate the 
larger doses, and with this experience the practice 
became established. Only 8 patients developed 
hypoglycemia as a result of this treatment; in all 
but one instance (Case 21, reported below) the 
hypoglycemia was easily controlled by intravenous 
administration of dextrose. 

Several comments on this treatment seem jus- 
tified. In the first place, it is highly probable that 


Cast No. 


Patient Ace Menta State Comptications — — 
RBON- — 
— 
mg. /100 ce units 
40 rowsy Pyelonephritis 
7 rowsy Pyelonephritis 41 
K — 1 
Drowsy Respiratory infection 4 i 
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tion usually being stopped altogether when the 
blood sugar had fallen to 200 mg. per 100 cc. There- 
after insulin was administered every two to four 
hours according to the degree of glycosuria. Most 
of the patients in this series received large doses of 
insulin. The average total dose in the first twenty- 
four hours for the series was 1280 units. (This 
average does not include Case 19, reported below, 
who received 17,000 units in one day and on another 
occasion 10,500 units.) 

A review of the literature indicates that in re- 
cent years some other hospitals have tended to use 
similar large doses of insulin. Joslin’ reported a 
series of 126 cases in 1946 in which an average dose 
of only 282 units was given in the first twenty-four 
hours. However, his associate, Root,” in 1945 
advocated considerably larger doses. Franks and 
others‘ gave an average dose of 930 units to a series 
of 28 patients. Lee and his co-workers,” treating 
a series of 28 comatose patients, gave an average 
dose of 723 units to the 22 patients who survived. 
Sheppard'* reports a case in which 56,000 units of 
insulin was given in twenty hours. At the Massa- 
chusetts General Hospital, a review of the 35 cases 
treated there from 1942 to 1944 showed that the 


many of these patients would have recovered if 
considerably smaller doses of insulin had been 
given. Whether some of the severest cases would 
have survived on the regimen recommended by 
Almy and others’ (25 units every half hour until 
the urine is free of sugar and acetone) is questionable. 


Tasre 5. Precipitating Factors. 
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It has been repeatedly emphasized that diabetic 
acidosis is a state of acute insulin deficiency, in which 
resistance to the effects of insulin grows as its ad- 
ministration is delayed. It seems logical, there- 
fore, to give ample doses of insulin promptly and 
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frequently. It must be emphasized that such large 
amounts of insulin can be given safely only if the 
blood-sugar level is carefully followed. Vannet, !“ 
studying hypoglycemia in cats, found that large 
doses of insulin produced widespread cerebral 


Tasie 6. Mental State on Arrival. 


No. or Per 
Cases CENTAGE 
22.3 


damage, whereas a much smaller dose of insulin 
could cause equally severe hypoglycemia without 
producing the cerebral lesions. 

Intravenously administered fluids. All the patients 
in this series received fluids by the intravenous 
route. An account of the parenteral therapy may 
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Tape 7. Diabetic Acidosis, Massachusetts General Hospital, 1942-1944. 


5 


water. In most instances the saline and lactate 
were given in the following proportions: 0.85 per cent 
solution of sodium chloride, 1500 cc.; molar sodium 
lactate, 80 cc. This solution, it should be pointed 
out, is strongly hypertonic to the sodium and 
chloride of the serum; in the amounts shown above 
the concentrations are: sodium, 188 and chloride, 
138 milliequiv. per liter. 

The amount of normal saline solution given 
ranged from 2 to 10 liters, the average in this earlier 
group being nearly 4 liters. The amount of sodium 
lactate ranged from 4.5 to 56.0 gm., with an average 
of 18.0 gm. (160 cc. molar sodium lactate). Ad- 
ministration of dextrose was usually begun at some 
time in the second twelve-hour period of treat- 
ment, in amounts ranging from 100 to 400 gm. 
(average, 185 gm.). Three patients received dex- 
trose from the very beginning of treatment, and 
3 patients received none at all. 

In the past three years two important modifica- 
tions of the parenteral therapy have been intro- 


Case No. Patient Ace 


Murat State 


Ap 
Sucan 


Very drowsy 5 674 
— 5 300 

rowsy 418 $7 

— 
. 5 
if Semicomatose 3 
1 Drowsy 3 
wy 400 7.1 

ious 5 5 

8 „„ 
44 Conscious 322 11.3 420 
41.8 503 8.9 520 


be divided into two groups, as our policy in regard 
to it changed considerably during the five-and-a- 
half-year period covered by this series. Most of the 
patients treated in the first three years (41 cases) 
were given at the start of treatment a mixture of 
normal saline solution with either sodium lactate 
or sodium bicarbonate; this was followed, when 
the blood sugar had made a satisfactory response, 
by either dextrose in saline solution or dextrose in 


duced on the advice of Dr. Allan M. Butler. He 
has pointed out'?-!® the dangers of giving excessive 
amounts of sodium to patients whose stores of 
potassium have been depleted and the need for 
replacing some of the potassium that these patients 
have lost. In accordance with his views we began 
to use as the initial parenterally administered 
solution a saline-and-lactate mixture that had been 
diluted so that its sodium and chloride content was 


| 
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isotonic, or even hypotonic, to the sodium and 
chloride of normal serum, and followed this with a 
solution containing potassium and phosphate ions. 

The “isotonic” solution has the following formula: 
0.85 per cent solution of sodium chloride, 1000 cc.; 
molar sodium lactate, 80 cc.; 5 per cent solution of 
dextrose in water, 500 cc.; it gives the following ap- 
proximate concentration in milliequivalents per 
liter: sodium 150, chloride 100, lactate 50. This 
solution was used as the initial hydrating fluid in 
15 cases. In another 8 cases the initial solution used 


for parenteral administration was hypotonic to the 
sodium and the chloride of the serum: sodium, 75 
milliequiv. per liter; chloride 50; lactate 25. It is to 
be emphasized that in these later cases not only was 
the concentration of sodium and chloride reduced, 
but the total amount administered was considerably 
diminished. In terms of normal saline solution, 
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tration of dextrose the reader is referred to Soskin 
and Levine,?“ Peters and Mirsky and others.“ 
According to Sinden and others“ a review of the 
literature indicates that a critical potassium de- 
ficiency has developed only in those patients who 
received considerable amounts of dextrose early in 
treatment. 

At the same time that the “isotonic” solution was 
introduced (January, 1947), we also began adminis- 
tering solutions containing potassium and phos- 
phorus according to the following formula devised 
by Butler: sodium lactate, 2.2 gm.; sodium chloride, 
0.6 gm.; potassium chloride, 1.0 gm.; potassium di- 
basic phosphate, 0.5 gm.; 5-10 per cent dextrose solu- 
tion, 1000 cc. This mixture gives the following 
approximate concentrations per liter: sodium 30 
milliequiv.; potassium 20 milliequiv.; chloride 23 
milliequiv.; lactate 20 milliequiv.; and p 


Tasie 8. Serum Electrolytes. 


Sopium (19)* 


130.7 
111-140 


Curoagipe (34) 


Potassium 
TREATMENT (19) TREATMENT (18)t (10 


hours after treatment was started. 


these patients received an average total of 2.0 
liters, compared to an average of 4.0 liters given in 
the earlier cases in this series. It was found that 
the patients recovered just as satisfactorily on the 
smaller dose of sodium chloride; indeed, in one 
respect a definite improvement was noted. Sub- 
cutaneous edema, particularly edema of the face, 
which was commonly noted toward the end of the 
first twenty-four hours of treatment in those pa- 
tients receiving 4 or more liters of saline solution, 
was rarely noted in the patients who received 2 
liters or less. 

One definite disadvantage in the use of chee 
diluted saline-and-lactate mixtures lies in the fact 
that we were obliged to use dextrose in water as 
the diluent because of a hospital rule forbidding 
flasks of distilled water on the wards. In the case 
of the “isotonic” solution, the dextrose concentra- 
tion was 1.5 per cent, and patients received dex- 
trose at the rate of only 10 to 15 gm. per hour. 
However, in the patients receiving the “hypotonic” 
solution (which contained twice as much dextrose) 
it was noted rather frequently that the blood sugar 
rose during the earlier hours of treatment. The 
author gained the impression that in general the 
patients receiving considerable quantities of dex- 
trose early in treatment responded less well than 
the patients who received little or none. This ob- 
servation is in agreement with the findings of Franks 
and others,“ Root! and Lee and his co-workers." 
For the arguments in favor of the early adminis- 


90 mg. At the present time it is our policy to use 
the potassium solution after three to eight hours 
of treatment with the isotonic saline and lactate 
solution. As experience with this solution has in- 
creased (we have employed it now in 26 cases) 
we have gained confidence in its use. At first 1 or 
2 liters were given, but in the past two years a 
number of patients have received 4 liters, and 1 
patient was given 6 liters of this solution. In several 
instances we have administered these electrolytes 
in a concentration exactly doubled, without ill 
effect. 

The possibility of fatal potassium intoxication 
has been guarded against in several ways. The 
solution has been withheld at the outset of treat- . 
ment because of the tendency for serum potassium 
and inorganic phosphate to be elevated at that 
time," n and it has been withheld in cases of oliguria 
until the renal function has distinctly improved. 
In doubtful cases an electrocardiogram has been 
taken to exclude the presence of a tracing character- 
istic of a high serum potassium level.“ The solution 
has been administered at the slow rate of 3 to 5 cc. 
per minute. 

In such a small series of patients, evaluation of 
the use of the potassium and phosphate solution is 
difficult. It may be stated that no harmful reactions 
were noted, nor was the recovery rate strikingly 
different from that of the patients treated with 
saline and lactate solution alone. In no case did 
the serum potassium rise to levels above normal 


milliequic. [liter milliequic. [liter 

TTT TTT 94.0 5.7 3.4 6.9 
Range 2.0-8.8 2.2-5.0 2.9-12.5 | 
*Figures ions were made. 
13 to 24 
| 
j 
' 
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during or after the use of this solution. The 
available metabolic data’: 17 suggest that the 
amount of potassium replaced by this therapy 
represents only a fraction of the quantity lost be- 
fore treatment. Atchley and others,” in their classic 
balance study of a severe diabetic, withheld insulin 
for four days and found that the patient lost a total 
of 385 milliequiv. of potassium during that period.* 
In the patients in this series, most of whom arrived 
in the hospital in a much more serious state of aci- 
dosis than Atchley’s patient was allowed to develop, 
it is reasonable to suppose that the loss of potassium 
had been even greater. The discovery“. 7 that 
patients recovering from diabetic acidosis can de- 
velop a state of acute potassium deficiency that may 
be fatal adds particular force to the rationale of this 
therapy. 

An account of the intravenous treatment in this 
series would not be complete without brief mention 
of two other therapeutic measures. Transfusions 
of whole blood or plasma in amounts ranging from 
500 to 1500 cc. were given to 14 patients whose fall 
in blood pressure suggested impending shock. It 
has been our experience in previous years!“ that a 
fall in blood pressure (particularly the diastolic 
pressure) during treatment is an ominous prog- 
nostic sign, even when the patient otherwise ap- 
peared improved. Transfusion in these circum- 
stances appeared to be beneficial. 

A solution of buffered phosphate similar to that 
used by Franks and his co-workers** was adminis- 
tered to 1 patient during the first twenty-four hours 
of treatment and to 2 patients during the second 
twenty-four-hour period. In each case this was 
done because of the continued stupor of the pa- 
tient and because the level of the serum inorganic 
phosphorus was found to be very low. The marked 
improvement in the patient’s mental status re- 
ported by Franks was not observed in these cases. 

Orally administered fluids. The importance of 
early and frequent feeding of patients in diabetic 
acidosis has often been stressed. In the present 
series an attempt was made to give each patient 
nourishment, particularly liquids rich in potassium 
and phosphorus, as early as possible. Milk, orange 
juice and beef broth were the fluids generally given. 
Many of the patients experienced difficulty in 
swallowing or retaining fluids early in the treat- 
ment; most, however, were able to take 100 to 
200 cc. hourly in the second twelve-hour period. 
Six patients were unable to eat anything for the 
first twenty-four hours or more. One of these pa- 
tients, whose mental state precluded swallowing, 
was successfully fed by gastric tube. 


Cask REportTs 


Two of the cases in this series, No. 3 and 13, have 
been reported elsewhere.'*:*° Both these patients 


*Approximately 94 milliequiv. of this total can be accounted for by pro- 
The — nitrogen balance in this experiment was 
34.8 gm. 
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had an initial blood sugar of over 1000 mg., both 
were anuric and in shock on admission and both 
had severe cardiac arrhythmias. Both responded 
slowly only after massive doses of insulin had been 
given (3600 and 5300 units respectively in the first 
twenty-four hours). Case 16 was unusual in that 
the patient was found to have a perforated gastric 
ulcer. Surgical intervention was successfully under- 
taken after six hours of intensive treatment of his 
diabetic acidosis. Case 19 was a case of true in- 
sulin resistance.“ The clinical course is here 
briefly described: 


F. G., a 74-year-old man, was admitted in May, 1949, 
because of poorly controlled diabetes. While he was in the 
28 the insulin dosage was finally stabilized at 500 units 
dai 4 Antibodies for insulin were demonstrated in his serum 
by Dr. Jacob Lerman. Control of N and ketosis 
ed to be difficult. On June 27, 1949, he was given only 

If his usual insulin dose due to an error. is was not 
discovered for twenty-four hours, when he was found to be 
in severe acidosis. During the ensuing twenty-two hours he 
received 17,000 units of insulin in doses of to 500 units 
every half hour. Although the acidosis was relieved, the blood 
sugar fell only slightly (460 to 386 mg. per 100 cc.) in this 
period. He remained in critical condition for another three 


days. 

Second admission. Six months later this patient, who in 
the interim had been well controlled on 350 units of insulin 
daily, was again admitted in severe acidosis. On this occasion 

was given 10,500 units of insulin in about twelve hours. 
In the next forty-eight hours he had several mild episodes of 
lycemia, despite hourly feedings by gastric tube. During 
this period he remained in critical condition, but 982 
rallied and was discharged from the hospital in good cond 
tion, taking a daily insulin dose of 650 units. 


Case 7 was the single fatality in this series. The 
history and clinical course were as follows: 


K. H., a 75-year-old woman, was admitted on July 17, 
1945, with a diagnosis of acute pyelonephritis. Her dia 

had been satisfactorily regulated for several years without 
insulin. On examination it was found that she was drowsy, 
restless and disoriented, with marked dehydration and Kuss- 
maul respirations. The pressure was 190/80. The 
urine showed ++ albumin, + sugar, many bacteria and 
15 white blood cells per high-power field. There was no ace- 
tonuria. The sugar was 466 mg. per 100 cc., and the 
carbon dioxide was 7.0 milliequiv. per liter. The nonprotein 
nitrogen was 73 mg. per 100 cc. 

During the first five hours of treatment she received 530 
units of insulin and intravenously administered fluids con- 
sisting of 2500 cc. of normal saline solution with 160 cc. 
molar sodium lactate. Her urine output during this period 
was 240 cc. and showed only a trace of sugar and no acetone. 
At the end of five hours the blood sugar was 380 me. per 100 
cc. and the carbon dioxide was 9.2 milliequiv. per liter. She 
was more lethargic, and soon lapsed into coma. The blood 
pressure had dropped to 160/50. In the next six hours she 
received 600 units of insulin, 650 cc. of normal saline and 
900 cc. of plasma. The blood sugar fell steadily during this 
period, and the carbon dioxide rose to 18.2. e urine out- 
put improved; 600 cc. was obtained in this period. She de- 
velo a moderate generalized edema, and she remained 
comatose. The bl pressure rose to ' 

Through an error in judgment, dextrose was withheld 
when the blood sugar had fallen to 122 mg. per 100 cc. Thir- 
teen hours after the onset of symptoms she was found to 
be restless and perspiring profusely. A 25 per cent solution 
of dextrose was given intravenously, with relief of these 
symptoms, but it was soon noted that a right hemiplegia had 
developed. She did not recover consciousness. During the 
remaining four days of her life, the diabetes was controlled 
by small doses of insulin given whenever sugar 


N .. 100 cc. The carbon dioxide ranged 
— 15 18 equiv. liter and the nitro- 
= remained elevated ( 80 mg. per 100 cc. the 
y before death her — rose to 105° ‘and she died 
in 1 vascular collapse 
t- mortem examination disclosed a severe grade of 
acute "ead chronic pyelonephritis. There was an em in 
left anterior cerebral artery and infarctions of the left 
frontal and occipital lobes of the brain. 


It is evident, from the persistence of nitrogen 
retention and of depression of the carbon-dioxide 
content, that renal failure played an important 
part in this patient’s acidosis. The absence of 
ketonuria raises some doubt whether diabetes was 
at all responsible for her condition. A blood ketone 
determination would have helped to settle this 
point. Because she was treated for diabetic acidosis, 
it was decided to include her case in this report, 
even though the acidosis had been relieved some 
time before her death. 


Curnicat Course 


In 66 of the 67 cases, the blood sugar had dropped 
to 250 mg. per 100 cc. or lower in the first twenty- 
four hours. In all cases, significant ketosis had been 
relieved within twenty-four hours. For the most 
part the patients were very much improved in all 
respects at the end of this time; however, there 
were at least 10 patients whose condition remained 
poor for another one to three days, despite normal 
blood-sugar and carbon-dioxide levels. 

A number of complications occurring ＋ * the 
first twenty-four-hour period are worthy of note. 
Anuria was present in Cases 3 and 13, lasting six 
and four hours respectively. Oliguria, with an 
output of 10 to 30 cc. per hour, was noted for vary- 
ing periods in 6 other cases. Various disturbances 
of cardiac rhythm were observed. Simple tachy- 
cardia was seen frequently; auricular fibrillation 
was noted in 3 cases and auricular flutter in 1 case. 
The blood pressure frequently began to fall after 
several hours of treatment and was often accom- 
panied by a temporary worsening of the patient’s 
appearance and mental status. After the publi- 
cation in 1946 of Holler's? article on the syndrome 
of potassium deficiency in diabetic acidosis, all 
patients were carefully watched for signs of muscular 
weakness and respiratory embarrassment, but a 
definite diagnosis of this condition was not made in 
any case. In a number of cases electrocardiograms 
showed the low T waves and depressed ST segments 
that are characteristically found in patients with 
potassium depletion.” It is possible that this find- 
ing and the fall in blood pressure occasionally seen 
represent early manifestations of potassium de- 
ficiency, an impression that is confirmed by Fren- 
kel's:ꝰ description of the cardiovascular manifes- 
tations in this syndrome. 


ComMMENT 


It is not possible accurately to evaluate the vari- 
ous factors that led to the improvement in our mor- 
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tality rate after 1944. The author wishes, however, 
to emphasize the aspects of treatment that he be- 
lieves were chiefly responsible. Most important 
were the teamwork of the hospital staff, the over- 
all medical care, which included prompt initiation 
of treatment, constant vigilance for and treatment 
of complications, frequent consultation and a 
policy of never leaving the patient unattended by 
a doctor until all possible danger was passed. Next 
in importance was the administration of large doses 
of insulin, made possible by having twenty-four- 
hour laboratory service for blood-sugar determina- 
tions. The institution of oral feeding at the earliest 
possible moment and care in the selection and 
administration of parenterally given fluids also 
contributed to the favorable results. 


SUMMARY 
The clinical data and the treatment of 67 cases 
of diabetic acidosis are presented. In this series 
there was one death. 


The author is indebted to Dr. J. Howard Means and Dr 
n } utler for many helpful suggestions in preparing 


this paper. 
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CARBON-DIOXIDE INTOXICATION IN EMPHYSEMA: EMERGENCY TREATMENT BY 
ARTIFICIAL PNEUMOPERITONEUM* 


James J. Cattaway, M. D., ano Victor A. Me Kusicx, M. D. 


HEN oxygen is administered to a patient 
with chronic anoxemia, an elevation of the 
carbon-dioxide content and combining power of 
the blood usually occurs. In patients with marked 
pulmonary emphysema and fibrosis, this elevation 
is occasionally of profound degree, and a character- 
istic sequence of events ensues. The features of the 
clinical syndrome are headache, cutaneous vaso- 
dilatation, irrationality, stupor and coma. It is 
thought that these manifestations are due to carbon- 
dioxide intoxication. The chain of events leading 
to carbon-dioxide retention is believed to be as 
follows: removal of the anoxemic stimulus to respira- 
tion by the administered oxygen, reduced pulmonary 
ventilation, increase in the partial pressure of 
carbon dioxide in the pulmonary alveoli and in- 
crease in the carbon-dioxide content of the blood. 
A vicious circle results from further depression of 
respiration due to high partial pressure of carbon 
dioxide in the blood. 

It is the purpose of this report to describe the 
syndrome in detail on the basis of two severe cases 
and to present a form of therapy that may occasion- 
ally prove life-saving. 


Case Reports 


Case 1. B. T., a 40-year-old man, was admitted to the 
Johns Hopkins Hospital on December 21, 1947, because of 
shortness of breath. For five years the patient had had an un- 

roductive cough, as well as moderate exertional dyspnea. 
For one year he had suffered from frequent frontal headaches. 
In May, 1947, swelling of the ankles developed for the first 
time and dyspnea increased. In September cyanosis ap- 
peared and dyspnea became totally incapacitating. _ 
admission the patient was plethoric, cyanotic and 
moderately dyspneic at rest but could lie flat with reason- 
able comfort. The chest was markedly emphysematous. 
Breath sounds were distant, with occasional asthmatic 
wheezes. Percussion of the heart was unsatisfactory. 
was no cardiac impulse. Heart sounds were faint at the base. 


*From the Clinic of General Medicine and Experimental Therapeutics 
of the National Heart Institute (Cardiovascular Clinic, U. 8. Marine Hos- 

ital, Baltimore, Maryland) and the Department of Medicine, Johns Hop- 
Fins University and Hospital, Baltimore. Maryland. 

tStaff member, Section of General Medicine and Experimental Thera- 
peutics, Cardiovascular Clinic, United States Marine pital, Baltimore. 

$Formerly. physician, Cardiovascular Clinic, United States Marine 
2 alti more; assistant in medicine, Johns Hopkins University 

Medicine. 
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At the apex the first sound was strikingly split. The blood 


pressure was 150/100. The liver was 4 cm. below the right 
costal margin. There was no peripheral edema at the ime 
of admission. 

emer a | examination on admission revealed a hemo- 
globin of 17.5 and a red-cell count of 7,380,000, with a hemato- 
crit of 65, normal cell indices and 10 per cent reticulocytes. 
The white-cell count was 5500, with a normal differential 
count, the venous pressure 68 mm. of saline solution, the 
circulation time (Decholin) 15 seconds and the vital capaci 
1.9 liters and the blood nonprotein nitrogen 44 mg. per 100 
cc. X-ray films of the chest revealed slight generalized car- 
diac enlargement with prominence of vessels at lung hili; 

ardiograms showed marked right-axis deviation, 
right heart strain and the cor-pulmonale type of P waves. 

One week after admission the patient was digitalized. 
During the five days after digitalization, rather severe right 
heart failure developed. Digitalis was discontinued and 

en by mask instituted. 
orty-eight hours before death the patient was confused 
and complained of a severe generalized headache. During 
the course of the afternoon he gradually became less respon- 
sive. By early evening he was unconscious. Pulmonary 
edema cleared dramatically after venesection of 250 cc. of 
blood. During the night respirations dropped to 4 per minute 
for a brief period. On the following day the serum carbon- 
dioxide combining power was more than 40 milliequiv. 
vol. per cent).§ baron chlorides measured 91.8 milliequiv. 
Aminophylline was administered intramuscularly at regular 
intervals and mercupurin, 2.2 cc., was given. The blood 
822 which was 180/110 in the early stages of failure, 
ell to 80/60. That evening dullness at the left base with 
tubular breathing was discerned. Penicillin, previously given 
prophylactically, was increased to 100,000 units given intra- 
muscularly every two hours. A bedside 1 showed 
clouding of the left lower lung field. At 1: m. on the 
following day the blood pressure was 60/20. patient 
died at 2:50 p.m., twelve days after digitalization and five 
. oxygen therapy was instituted. 
e terminal unconsciousness was interpreted as carbon- 
dioxide narcosis. It began with headache and confusion 
when — 2 was administered and progressed into coma. 
A redu rate of respiration while receiving oxygen was 
observed. 

Significant autopsy findings were limited to the heart and 
lungs. Both lungs were and heavy but nevertheless 
floated in water. Together they weigh gm. There 
were several small emphysematous blebs (the largest 10 mm. 
in diameter) on the surface of the lu Grossly the alveoli 
appeared Wm 5! dilated. There were areas of consolida- 

on in the left lower lobe. 

The heart was enlarged, weighing 560 gm. The 5 
and pulmonic valves were slightly dilated, measuring 130 
and 90 mm. respectively. Both the right and left ventricles 
were moderately dilated and hypertrophied. The liver 
weighed 1830 gm. sbi 


All carbon-dioxide combining-power determinations were made on 
venous blood. 
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Pulmonary emphysema was confirmed histologically. The 
pulmonary consolidation had the characteristic appearance 
of aspiration pneumonia. 


Case 2. First admission. F. S., a 56-year-old man, was ad- 
mitted to the Baltimore Marine Hospital in December, 1949, 
because of marked dyspnea and cyanosis. His only significant 
— illness was thirty years 1 4 when he had in- 

uenza.“ Moderate exertional dyspnea and cough produc- 
tive of mucopurulent sputum began ten years before ad- 
mission. He was able to work until four years prior to ad- 
mission, when his dyspnea became aes goa 

In December, 1949, he was admitted to the Baltimore 
Marine Hospital, complaining of edema of one week’s dura- 
tion. He had severe attacks of cyanosis during paroxysms 
of coughing. On admission he was markedly dyspneic at 
rest. The blood pressure was 155/105, the pulse rate was 
110 per minute and the respiratory rate was 30 per minute. 
The skin showed a dusky, cyanotic color, with dilatation of 
the superficial vessels of the face. The chest was markedl 
emphysematous. Breath sounds were diminished over be 
lung fields, with sibilant rales during the yy expira- 

hase and medium moist rales at both lung bases 
teriorly. The heart was slightly enlarged to 14 
liver was palpable 5 cm. below the right costal margin. 
was marked dependent edema extending posteriorly to the 
level of the costovertebral angles. 

Routine blood chemical determinations and hemogram 
were within normal limits. On admission the venous pres- 
sure was equal to 250 mm. of saline solution, and the cir- 
culation time was 32 seconds (Decholin). Chest x-ray ex- 
amination showed prominent hilar vascular markings and 
pleural thickening at the costophrenic angles. The cardiac 

uette was at the upper limit of normal in size. The 
electrocardiogram s right-axis deviation and tall 
P waves compatible with cor pulmonale and right heart 
strain. Treatment with a low-salt diet and mercurial diuretics 
was accompanied by a 55-pound weight loss in twenty-one 
days. Cardiac catheterization, performed after the loss of 
edema, showed a , pressure of 65/40, a 
mean pulmonary-artery pressure of 50, and a right-ventricular 
ure of 70/8. Arterial oxygen saturation was 89 per cent. 
enous pressure at the time of discharge was equal to 120 
mm. of saline solu and the circulation time was 19 seconds 
(Decholin). 


Second admission. During the five-week interval the pa- 
tient ate salt freely and took no medication. Four days 
ore admission there was an exacerbation of dyspnea at 
rest, with marked cyanosis, weakness, lassitude and anorexia. 
n seen on March 4, 1950, he was very weak and lethar- 
gic, oor with great difficulty. There were sibilant rales 
over both lung fields, with coarse moist rales at the bases 
posteriorly. The liver edge was palpable 3 cm. below 
right costal margin. There was slight al edema bilat- 
o~- The administration of aminophylline intravenously, 
of adrenalin subcutaneously and of oxygen by mask was fol- 
lowed by lessening of the cyanosis. However, the patient 
gradually became more lethargic and finally was unresponsive. 

He was treated with aminophylline intravenously at six- to 
1 intervals and was placed in an oxygen tent with 

per cent concentration of oxygen. During the ensuing 
four days his color was , but he remained in a semi- 
comatose state. When taken from the oxygen tent for short 

iods he became cyanotic, struggled aimlessly and de- 
veloped a tachycardia. On the fourth hospital day the car- 
bon-dioxide combining power was 36.9 milliequiv. 

In an attempt to produce more adequate ventilation, the 
patient was placed in a Drinker-Emerson respirator and 
2 nasal oxygen. With the aid of the respirator, operat- 
ng at pressures alternating between +8 and —15 em. of 
water, ventilation was improved, with some clearing of the 
sensorium. Twelve hours after he was placed in the respira- 
tor the carbon-dioxide combining power was 33.3 milliequiv. 
and the serum chloride was 82 milliequiv. Fluids containing 
a total of 27 grams of sodium chloride were given parenterally 
during the ensuing seventy-two hours. The patient received 
0.5 gm. of aminophylline in a retention enema every six 
hours and intermittent intravenous aminophylline with the 
parenterally administered fluid. However, his clinical course 
was one of — 247 deterioration. Cyanosis returned, 
and he was completely comatose for about forty-eight hours. 
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On March 11 the patient was in extremis with marked 
cyanosis and deep coma and with the b pressure ranging 
around 120/100. The carbon-dioxide combining power was 
44.5 milliequiv. and serum chloride was 85.6 milliequiv. 
Throughout the period in the respirator it was noted thet 
the thoracic cage barely moved with respiration. Further- 
more, the abdomen was lax and scaphoid, and the respirator 
1 to be ineffective in producing respiratory excursion 

the diaphragm. 

Artificial 4 rA was instituted at 5:00 p. m. 
on March II, 2250 cc. of air being given with a closing pres- 
sure of +5 cm. of water. During institution of the initial 
pneumoperitoneum, respirations increased in depth and the 
respiratory rate decreased from 40 to 28, there was improve- 
ment in color and the patient was now attempting to cough, 
resisting aspiration vigorously. Four hours after the institu- 
tion of artificial pneumoperitoneum the carbon-dioxide com- 
bining power was 35.6 milliequiv. Six hours after the initial 
pneumoperitoneum he was given an additional 1750 cc. of 
air with a closing pressure of +7 cm. of water. His color 
had shown further improvement and the sensorium was 
markedly cleared; he was able to cough and was attempting 
to talk. Oxygen therapy and artificial respiration were dis- 
continued at this time. 

Thirty hours later the carbon-dioxide combining power 
was 28.4 — 4 He was able to sit on the side of the bed, 
and he stated that he was hungry and was able to eat. Dur- 
ing the two weeks following institution of artificial pneumo- 
peritoneum he showed progressive improvement, havin 
no dyspnea at rest and moderate improvement in exertiona 
dyspnea. Venous pressure was 120 mm. of saline solution 
circulation time 17 seconds (Decholin) and three-second vital 
capacity 1300 cc. There was very little discomfort from the 
pneumoperitoneum. The diaphragm, which had no detectable 
motion prior to pneumoperitoneum, was elevated one and 
a half intercostal spaces — and moved through a 
3-cm. range during forced breathing (Fig. 1). 


Review of the Literature 


Narcosis caused by carbon dioxide has been 
known since the 1820’s, when Henry Hill Hickman, 
a pioneer anesthesiologist, performed operations 
on animals rendered insensible by the gas. 

In the past it was doubted that carbon-dioxide 
retention in human beings could reach proportions 
to cause death. Writing in 1926, D. D. Van Slyke? 
stated: Medical and lay literature contains nu- 
merous cases of death from oxygen lack, in respira- 
tory disease, in high altitudes, in carbon-monoxide 
poisoning, but it is doubtful that it contains any 
case of death due primarily to impaired respiratory 
ability to excrete carbonic acid.” 

Gradually, however, evidence accumulated to 
indicate that retention of carbon dioxide in toxic 
amounts may occur in patients with profound im- 
pairment of pulmonary ventilation, and simulta- 
neously the mechanism of this retention was eluci- 
dated. 

In 1921 Scott“ demonstrated that persons with 
far- advanced pulmonary emphysema present a 
unique situation in which the regulatory mecha- 
nism for respiration is quite insensitive to carbon- 
dioxide excess and the primary stimulus to respira- 
tion is oxygen deficit. Comroe and Schmidt‘ state 
that the carotid body is only stimulated by anoxia 
of all degrees and even enormous increases in CO; 
tension do not appreciably depress it, whereas the 
cells of the center are depressed both by severe 
anoxia and by excessive hypercapnia.” 


| 
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Marshall and Rosenfeid® also demonstrated that 
administration of oxygen under certain conditions 
of depression of the respiratory center may further 
depress respirations. In 1921 Barach and Wood- 
well? observed increases in the blood carbon-dioxide 
content of cardiac patients receiving oxygen, and 
Barach and Richards“ confirmed this observation 
in 1931. Berconsky* and Knipping' described 
the rise in blood and alveolar carbon-dioxide ten- 
sion with oxygen administration to patients with 
chronic pulmonary and cardiac disease and at- 
tributed it to reduced pulmonary ventilation second- 


ary to removal of the anoxic stimulus to respiration. 
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tion of 50 per cent oxygen in patients with a pre- 
viously existing chronic anoxia may temporarily pro- 
duce a profound disturbance in mental functioning.“ 
Barach believes that most of these patients will 
become acclimatized to the increased oxygen ten- 
sion in two to four days, with disappearance of the 
mental disturbance. 

There are several recent references“ 2 to the 
syndrome under discussion, all but one having been 
published from the laboratories of Richards and 
Barach. 

Davies and Mackinnon” have recently described 
two patients with cor pulmonale who developed 


Ficure 1, X-ray Films of Chest in Case 2. 
On left: chest in maximum inspiratory position before pneumoperitoneum; position of dia m in maximum expiration 
indicated by white lines. On right: same after pneumoperitoneum, in mee ——— position of Fn cna 
in maximum expiration indicated by white lines. 


The full clinical picture and its pathologic physi- 
ology were delineated by Richards and Barach in 
1932." These authors attributed the coma seen 
in carbon-dioxide intoxication to the high carbon- 
dioxide content of the blood and believed the 
mechanism of the carbon-dioxide retention to be 
that discussed in detail in this report. 

Brown,” studying the possible effects 7 high 
concentrations of carbon dioxide in submarine per- 
sonnel, subjected normal persons to carbon-dioxide 
concentrations of 5.5 to 12.4 vol. per cent. Marked 
dyspnea, dizziness, flushing and sweating of the 
face and a feeling of stupefaction and apprehension 
over impending collapse ensued. The author con- 
cluded that no subject could tolerate 10 per cent 
carbon dioxide for periods greater than ten minutes 
without losing consciousness. 

In 1941 Barach“ amplified the description of 
this syndrome. “A report is made of a phenomenon 
not generally recognized, namely, that the inhala- 


neurologic manifestations when was ad- 
ministered by B.L.B. mask. One patient developed 
“uncontrollable myoclonic movements,” profuse 
sweating of the head and neck and a sensation of 
fullness in the head. The symptoms disappeared 
when oxygen was discontinued. With oxygen ad- 
ministration the second patient passed into coma 
and died four hours after oxygen was given. 

Although they suspected that oxygen adminis- 
tration had some effect on the reaction to carbon 
dioxide, Davies and Mackinnon believed that 
the neurologic manifestations were due to increased 
intracranial pressure, as evidenced by elevation of 
cerebrospinal-fluid pressure. 

The subject of oxygen poisoning and its possible 
relation to the syndrome under discussion is an ir- 
portant one. There is much evidence attesting 
the harmfulness to animals of high concentrations 
of oxygen. With high concentration of oxygen at 


atmospheric pressure, the primary pathologic 


| 
‘ 
eg 
‘ 
‘ 
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changes are confined to the lungs and are essentially 
pulmonary edema followed by consolidation and 
later pneumonitis. Only when animals are sub- 
jected to higher tensions of oxygen (3 to 4 atmos- 
pheres) do convulsions occur. 

In human beings the effects of breathing 100 
per cent oxygen over prolonged periods of time are 
equivocal. The investigations of Behnke and his 
co-workers”? and of Comroe and others** suggest 
that respiratory-tract irritation may occur. With 

concentrations of oxygen attainable by either 
tent or mask there are apparently no deleterious 
effects except indirectly, as in the syndrome under 
discussion. 


Clinical Manifestations 

The clinical manifestations are: headache, cu- 
taneous vasodilatation, respiratory depression and 
mental dysfunction, the most striking form of the 
last being coma. 3 

The cerebral vasculature is dilated by carbon 
dioxide, and presumably this is the mechanism 
of the cephalalgia. Others have described head- 
aches caused by carbon dioxide. Elevation of cere- 
brospinal-fluid pressureꝰ and papilledemaꝰ that 
may occur are probably the result of cerebral 
vasodilatation. Flushing from cutaneous vaso- 
dilatation produced by carbon dioxide has been 
described. * · 

The cerebral manifestations — confusion, irra- 
tionality and coma, — are most probably a direct 
result of increased carbon-dioxide tension. 
ever measured, the oxygen saturation in these cases 
has been found to be higher during the period of 
carbon-dioxide intoxication, since it is oxygen ad- 
ministration that produces the carbon-dioxide re- 
tention. 

Barachu. 10 states that the mental dysfunction 
and other manifestations disappear as the patients 
“become acclimatized to the increased oxygen ten- 
sion.” In the cases reported here there was no 
evidence of acclimatization. 

Hypertension from carbon dioxide is familiar to 
the anesthesiologist” and to the physiologist.” The 
hypertension in Case 1 may, however, have been 
due to heart failure. 

In the late stages of the syndrome there may be 
further depression of respiration, with a progressive 
fall in arterial oxygen saturation. Depression of 
respiration at this time is probably due to the 
direct effect of the high partial pressure of carbon 
dioxide*: . * on the respiratory center. 

Patients with carbon-dioxide intoxication in coma 
commonly die from pulmonary, and other com- 
plications and not from the primary poison. This 
was well demonstrated by the autopsy findings in 
Case 1, in which aspiration pneumonitis was a 
striking feature. Therefore the therapeutic problem 
resolves itself into the prevention of these pulmonary 
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complications until a more direct therapeutic ap- 
proach, as discussed below, can be taken. 


Chemical Alterations = 


The chemical changes that occur with carbon- 
dioxide intoxication are a rise in the serum bicar- 
bonate (that is, carbon-dioxide combining power) 
and a fall in serum chlorides. Maintenance of the 
blood pH in a normal range depends on a proper 
ratio of bicarbonate to carbonic acid, as described 
by the Henderson-Hasselbalch equation. With 
carbon-dioxide retention the carbonic acid of the 
blood rises. As a compensatory mechanism, chlo- 
ride is excreted by the kidney, thereby providing 
more base for combination with bicarbonate ion. 
Since the ratio of bicarbonate to carbonic acid ap- 
proaches the normal, only mild acidosis is to be 
expected with carbon-dioxide intoxication. This 
lack of consistent depression of arterial blood pH 
was recently reported by Comroe and associates.“ 
Barach,'* however, has apparently been more im- 

with the depression of blood pH in this 
syndrome and believes this to be the cause of the 
mental changes. 
On the basis of present information concerning 
this syndrome, it appears that the clinical mani- 
festations result from the high carbon-dioxide ten- 
sion per se. It must be concluded, however, that 
the precise chemical pathogenesis of this syndrome 
has not been established. 

Concerning therapy, there is no evidence that 
ammonium chloride will significantly increase serum 
chloride and reduce serum bicarbonate in this situa- 
tion. The administration of sodium lactate in an 
attempt to increase serum bicarbonate and serum 
pH has been reported to produce improvement in 
mental symptoms. If there is no improvement in 
pulmonary ventilation, the electrolyte disturbance 
will probably recur. Furthermore, there will have 
been an increase in the total serum electrolytes. 
The consequent aggravation of the tendency toward 
edema may further complicate therapy. It is not 
implied, however, that maintenance of proper fluid 
balance is not important. Sodium chloride is neces- 
sary for the re-establishment of acid-base balance 
that accompanies more adequate pulmonary ven- 
Emergency Treatment by Artificial Pneumoperitoneum 

It has been emphasized by Barach"-™ that the 
syndrome of carbon-dioxide intoxication is usually 
temporary and reversible. This is the usual out- 
come when the process underlying the development 
of the syndrome i is correctible, as is the case with 

congestive heart failure and bronchospasm. Pa- 
tients with far-advanced pulmonary emphysema 
and fibrosis present a different problem. Generally 
it is not possible to correct their ventilatory insuffi- 
ciency by the usual therapeutic measures, and once 
the syndrome has advanced to the stage of coma the 
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outcome is usually fatal. It hardly seems possible 
that acclimatization to the excessively high carbon- 
dioxide content of the arterial blood that is seen in 
the terminal stages of the syndrome could occur. 
Therefore the only means of correcting the comatose 
state is through the establishment of more adequate 
pulmonary ventilation 

One means of improving pulmonary ventilation 
is by means of artificial respiration, using the 
Drinker respirator. However, the benefit that can 
be attained is definitely limited, because of the 
difficulty in synchronizing the patient’s attempts 
at respiration with the cycle of the respirator. 
Secondly, the primary distention of the lungs, fixa- 
tion of the bony thorax and loss of elastic recoil 
of the lung severely limit the expiratory function 
of the respirator, even when it is operated at a 
relatively high positive pressure during the ex- 
piratory phase. 

The treatment of pulmonary emphysema with 
artificial pn eum was first introduced 
by Reiches in 1924, and the subsequent reports of 
Piaggio—Blanco** and Monaldi“ and the findings 
of Furman and Callaway** indicate that this form 
of therapy provides definite benefit in a significant 
number of cases. 

The beneficial effects of artificial pneumoperi- 
toneum are attributed to its effectiveness in re- 
storing toward normal the ratio of residual air to 
total lung volume and in elevating the diaphragm 
to a more normal expiratory position. This ele- 
vation of the diaphragm allows it to participate more 
effectively in the respiratory cycle (Fig. 1). 

In carbon-dioxide intoxication the consequences 
of these alterations in respiratory function are: 
reduction in size of the inadequately ventilated por- 
tion of the lung, in which there is stagnation of large 
amounts of carbon dioxide and increase in the 
effective volume of tidal air, with the result that 
larger amounts of carbon dioxide are eliminated. 

The symptoms of carbon-dioxide intoxication are 
profound manifestations of pulmonary emphysema. 
In Case 2, the prompt clinical improvement and 
concomitant lowering of the carbon-dioxide com- 
bining power of the plasma were most striking. 


SUMMARY 


Two cases of a syndrome of carbon-dioxide in- 
toxication in patients with emphysema are re- 
ported. The manifestations were headache, cu- 
taneous vasodilatation, irrationality, stupefaction 
and coma. Elevation of serum carbon-dioxide com- 
bining power, together with depression of serum 
chloride, was observed. In one case, after seventy- 
two hours of profound coma, artificial pneumo- 
peritoneum was immediately effective in restoring 
normal mental function and correcting the chemical 
bnormality. 


CARBON-DIOXIDE INTOXICATION — CALLAWAY AND McKUSICK 
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HIS REPORT, covering a period of eight suc- 

cessive months, presents significant clinical 

data obtained after the application of bacitracin 

topical therapy in 83 cases, 75 of which represent a 
wide variety of the accessible pyodermas. 

A large percentage of these cases had been un- 
responsive to numerous other therapeutic routines 
and agents previously administered. Response, 
however, to either an ointment consisting of 500 
units of bacitracin per gm. of petrolatum or to 
compresses with an optional concentration of 500 
units of bacitracin per cc. was rapid and effective 
and led to no recurrence in an astonishing number 
of cases. Cures were effected in 61.5 per cent and 
there was marked improvement in 30.1 per cent and 
moderate improvement in 6 per cent. Bacitracin 
was ineffective in one case of folliculitis and one of 
pyoderma, although similar cases responded ade- 
quately. 
There is ample evidence in the literature that a 
high allergenic index (disproportionate to both 
their systemic and parenteral values) accompanies 
the topical administration of several otherwise 
highly effective bactericidal agents. Results ob- 
tained in this present survey emphasized the ob- 
servations of previous investigators concerning the 
low allergenic index of bacitracin in topical use. 
Sensitization appeared in 1 out of the 83 cases. 
This case, in a man of sixty-three years, was mani- 
fested by a localized dermatitis on the lower legs, 
and octurred during treatment of a secondary in- 
fection involving an old ulcer of traumatic origin 
on the right leg. Four days after bacitracin treat- 
ment was instituted a dermatitis appeared over 
most of the involved lower right leg and also over 
the left middle tibia. After the rash appeared treat- 
ment was discontinued; two days later the rash dis- 
appeared. A second case of sensitization was noted 
in a twenty-seven-year-old woman during the treat- 
ment of an extensive infectious eczematoid derma- 
titis of six weeks’ duration, involving the fingers of 
both hands. On the second day of treatment with 
bacitracin ointment the patient developed a blotchy 
facial dermatitis that was interpreted as probably 
a form of autosensitization not due to bacitracin. 
The facial dermatitis slowly faded out; bacitracin 
therapy was resumed and the hand dermatitis 
cleared in six days without recurrence of the facial 
rash. 

Bacitracin, an antibiotic reported by Johnson, 
Anker and Meleney,' in 1945, is produced by a 
specific strain of the B. subtilis group of organisms; 
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it was originally obtained from tissue debrided from 
a compound fracture of the tibia. It is active in 
vitro chiefly against gram-positive streptococci 
and staphylococci. The gonococcus, pneumococcus, 
spirochete of syphilis, diphtheria bacillus and diph- 
theroids are also susceptible to its action. Studies 
in vivo indicated that it protected mice against 
experimentally induced hemolytic infections and 
protected guinea pigs against induced gas-gangrene 
infections. Its action, similar in certain respects 
to that of penicillin, differs in that its bacterial 
activity appears to be directly proportional to its 
concentration, and its action is not inhibited by the 
organisms that produce penicillinase. Meleney 
observed that many cocci are susceptible to both 
penicillin and bacitracin. He also observed that 
many strains are resistant to penicillin but suscep- 
tible to bacitracin and that fewer are susceptible 
to penicillin and resistant to bacitracin. Hence, 
it is effective against a wider spectrum of pyogenic 
organisms in topical therapy and frequently suc- 
ceeds when penicillin does not. This conclusion 
was again apparent in the effective response to 
bacitracin ointment of 90 per cent of the cases of 
infectious eczematoid dermatitis and contact der- 
matitis with secondary infection that were examined 
in this present series. All were industrial cases; 
many had been previously treated by other prep- 
arations, with poor response. Cultures taken from 
a large percentage of these cases usually proved to 
be streptococcus, Staphylococcus aureus or both and 
were highly susceptible to bacitracin. Without 
exception these cases responded rapidly and with- 
out recurrence. Similar response in skin pyodermas 
has been reported by Miller and associates,“ and 
by Derzavis and associates.* 
Tested in vitro by dissolution in Sabouroud’s 
media to make a 1/500 dilution, bacitracin supported 
the growth of all superficial dermatophytes and 
deep fungi tested: Microsporum audouini, M. 
fuloum, M. lanosum, Epidermophyton inguinale, 
Trichophyton gypseum, T. purpureum, T. schoenleint, 
T. sulfureum and T. violaceum. It also appears defi- 
nitely to accelerate the growth of yeasts, including 
Candida albicans and Cryptococcus hominis, and 
supports the growth of actinomyces. 

Antibiotics and the sulfonamides have precipitated 
a mild revolution in the treatment of acute external 
otitis and chronic suppurative otitis, ever since the 
comprehensive report of Senturia, who first recog- 
nized their bacterial (principally gram-negative) 
rather than fungous origin. These drugs have ma- 
terially reduced the incidence of therapeutic failure. 
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Their consistent use in aural therapy, however, 
has been frequently contraindicated because of the 
accompanying incidence of allergenic reactions. 

During the treatment of the external otitis cases 
in this series, — all of which cleared without re- 
currence, — the nonallergenic properties of baci- 
tracin were specifically illustrated in the case of a 
forty-five-year-old schoolteacher who had had a 
thick purulent discharge from both ears of five 
months’ duration. This condition had not responded 
to considerable previous treatment. During the 
initial office examination both ear lobes presented a 
local sensitization dermatitis with marked edema, 
erythema and vesicles extending out to the adjacent 
skin of the cheek and neck. The ear lobes were 
treated conservatively with Burow’s-solution com- 
presses and zinc lotion. The dermatitis cleared 
within six days. Bacitracin aqueous drops were 
then used in the external ear canal; on the patient’s 
next office visit, twenty-four hours later, the dis- 
charge had cleared. Bacitracin drops were used 
prophylactically, daily for fourteen days. When 
last examined, the patient had been symptom-free 
for six months. 

Hitherto resistant pyogenic infections, such as 
impetigo rodens, which is relatively rare, responded 
rapidly and effectively to the ointment. Two of 
these scalp cases were of three years’ duration. 
Since bacitracin must come in close contact with 
the invading organism to be wholly effective, crusts 
on the scalp were thoroughly removed with a bland 
soap-and-water scrub prior to each application of 
the ointment. There has been no recurrence in 
either of these two cases, both of which cleared 
completely in two weeks. The importance of baci- 
tracin’s direct contact with the invading organism 
has been stressed by Miller“ and Blattner.“ 

Wet bacitracin compresses were efficient in the 
clearing of secondary infections, including those 
associated with old varicose ulcers. - Because of its 
bactericidal effect, bacitracin ointment became 
the treatment of choice for dressings following all 
minor office electrosurgical and operative procedures 
such as the removal of keratoses, epitheliomas and 
warts. Secondary infection occurring after the 
removal of subungual warts has to date been com- 
pletely eliminated by the use of bacitracin dressings. 


Cask REportTs 


Case 12. A 66-year-old man presented a deep ischiorectal 
abscess that had been incised six months previously and 
subsequently cauterized each week with silver nitrate. The 
incision was 12.5 cm. long and 2 cm. deep. The site had 
shown marked secondary infection for four months. Baci- 
tracin compresses in a 1/500 solution were a pplied for twenty 
minutes three times daily during the fo lowing month. 
These were later applied only once daily, supplemented b 
boric-acid compresses twice daily. Healing commenced wi 
the origina! application of bacitracin. The site cleared un- 
eventfully in three months. 


Case 36. A 10-year-old boy presented a severe extensive 
im of three months’ duration that covered both but- 
tocks. The mother said that many ointments had been ap- 
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plied, with —4— response. All erusts were removed with 
soap and water; bacitracin ointment was applied. The mother 
continued this treatment five times each day, and the condi- 
tion completely healed in two weeks. 


Case I. An 11-year-old girl presented a severe crusting 
of the entire scalp and upper third of the forehead, with some 
hair loss. The condition was of three years’ duration, and 
the child had received considerable previous treatment. 
Crusts were removed with soap and water, and treatment 
continued at home as in the preceding case. The condition 
cleared in two weeks without recurrence. 


Case 83. An 8-year-old boy presented a 3-mm. plaque of 
dry scaly dermatitis on the left upper eyelid that extend 
into the adjoining eyebrow, with complete hair loss in tl 
involved portion. Treatment followed since the onset of tl 
condition three weeks before had been ineffective. Bacitrac 
ointment completely cleared the impetigo in two days wit 
out recurrence. 


Case 67. A 35-year-old man presented an extensive super- 
ficial infection in the hair follicles on both sides of the neck 

four weeks’ duration. Bacitracin ointment applied three 
times daily completely cleared the infection in six days. 


Case 62. A 39-year-old shoe-worker, accustomed to sitting 
on a hard round-topped stool at his workbench for long 
periods of time, presented a six-year history of multiple re- 
current boils. X-ray and various types of therapy had been 
ineffective. Bacitracin ointment applied for two months 
considerably reduced the incidence, a ition 
marked improvement after the first week of treatment. 


Case 78. A severe secondary infection in a varicose ulcer 
of three years’ duration showed marked improvement after 
the application of bacitracin compresses for one week. This 
preliminary treatment has been administered successfully in 
all secondary ulcer infections prior to institution of conserva- 
tive treatment of the ulcer. 


Case 40. A 17-year-old boy presented a severe pustular 
acne of two years’ duration that covered the forehead, cheeks 
and chin with multiple small and large pustules. Bacitracin 
compresses were applied for twenty minutes three times daily 
for three days, with marked reduction in the num 
— and in the secondary infection and with marked 
mprovement in the appearance of the acne. 


Case 8. A 19-year-old girl, with a history of previous ex- 
tensive treatment for four mon resented a marked 
pustular dermatitis plaque on the left. sole measuring 10 
em. in diameter. For two weeks bacitracin ointment was a 
plied three times daily after soap-and-water cleansing. At 
the end of this time the area had completely cleared. The 
condition has not recurred. 


Case 18. A 38-year-old woman 
that tagged merchandise for dis department 
store. In January, 1950, she pricked her left index finger with 
a wire sleeve ticket and immediately reported to the store 
for A rash — at t of the 
prick and gradually spread locally on the finger. Eight 
months later a similar rash ap mene | on the right Retle — 
right ring finger and right index finger. For nine months all 
reatment at the clinic had proved ineffective. Bacitracin 
intment applied daily, p ed before each application by 
leansing with soap and water, completely cleared the condi- 
ion in one week. 


Case 35. A 46-year-old man 
tion involving the distal third 


ted a marking machine 
y in a la 


resented a pustular infec- 
the right index finger, ac- 
companied by considerable dystrophy of the nail. The derma- 
titis had been entirely unresponsive to treatment for the 
previous four months. Bacitracin ointment completely 
cleared the condition in one week. 


Case 15. A 35-year-old dishwasher presented a contact 
dermatitis of the hands from constant immersion in soap and 
water. ere was also an extensive erythematous vesiculo- 
pustular dermatitis. Bacitracin ointment and boric com- 
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2 were applied for twenty minutes, three times daily, 
one week, at which time the pustular element had entire 
eleared, leaving the residual contact dermatitis. 


Case 3. A 48-year-old man had received extensive treat- 
ment for eight weeks of a sycosis vulgaris of the upper lip; 
treatment was ineffective. Soap and water to remove the 
crusting, followed by bacitracin ointment five times daily 
for two weeks, completely cleared the site of any evidence of 
pyogenic infection. There has been no recurrence. 


Case 6. A 34-year-old woman with a psoriasis involving 
the scalp had acquired a secondary infection of two weeks 
duration. Bacitracin ointment cleared the secondary in- 
fection in two weeks. 


Case 22. A 61-year-old man presented a deep buttock 
ulcer of five months’ duration that numerous medicaments 
had failed to heal. Bacitracin compresses were applied three 
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sis either cleared completely or showed marked 
improvement in from three to seven days. 

The response of hitherto strongly resistant patho- 
genic infections was impressive, as observed in l case 
of dermatitis continué that cleared in seven days 
and in 4 cases of impetigo rodens, 2 of which had 
been treated ineffectively for three years. Both 
these latter cases healed without recurrence in 
two weeks. 

During the course of this study, bacitracin be- 
came the dressing of choice for all minor office 
electrosurgery and operative procedures such as 
moles, skin cancers, warts and so forth. 


Cases 


e pustular acne (secondary infection) ............ 1 
˙ 
Infectious eczematoid dermatitis .................... 19 
Acrodermatitis continunn 1 
cose 1 


Ciassirizp Manno 


Improveo Faiep Mi and Av 
Improve- No. or No. or 
MENT vs ¥s 
ror Curae R ED 
URE 
12 — — — 4- 7 
4 — — — 1 1 17 
— 2 — — 6-6 — 
4 1 1 7-14 12 
; 2 — — 6-14 6 
2 a= 1 4 11 
3 — 1 — 7-14 — 
7 12 — — 3-14 7 
: 1 3 — 114 — 
1 — — — 90 — 
— — — 56 — 
1 — — — 3 — 
1 3 — — 4-7 — 
51 25 5 2 
61 . 5 30. 1 6.0 2.4 


times daily. In seven weeks the area showed marked im- 
— and was granulating rapidly; it healed unevent- 


SuMMARY AND CONCLUSIONS 


Seventy-five patients with superficial pyodermas; 
4 cases of secondary infections associated with 
varicose and traumatic ulcers; I ischiorectal abscess; 
1 case of recurrent boils; 1 ulcer of the buttock; and 
1 secondary scalp infection associated with psoriasis 
received topical therapy, — either with an ointment 
consisting of 500 units of bacitracin per gm. of 
petrolatum or with wet dressings of a solution con- 
taining 500 units of bacitracin per cc. 

Forty-six cases in the first group completely 
cleared in from three days to three weeks without 
recurrence; 22 additional cases showed marked 
improvement; 5 improved and 2 did not respond to 
treatment. The deep ischiorectal abscess, buttock 
ulcer, secondary infection (scalp) and recurrent 
boils healed uneventfully in from three weeks to 
three months. 

Secondary infections of old ulcers presented 
marked improvement in from four to seven days. 
Secondary infections associated with acne or psoria- 


Ninety per cent of the cases of infectious eczema- 
toid dermatitis and contact dermatitis with second- 
ary infections were industrial cases. Many of these 
cases had been treated previously at various in- 
dustrial clinics without apparent benefit. The 
action of bacitracin in these cases was rapid and 
effective. 

The wide variety of infections presented by this 
entire group of 83 cases indicates that the thera- 
peutic value of bacitracin is applicable in topical 
therapy to all pyogenic skin disorders caused by 
the streptodermas and staphylodermas. 

Clinically, bacitracin is one of the most efficient 
bactericides that have been introduced into derma- 
tologic practice. In treatment, it has materially 
reduced the time element (important in the in- 
dustrial field). Moreover, since its allergic incidence 
is extremely low, the combination of a superior 
bactericide with a low sensitization index indicates 
that this compound is an excellent agent for the 
administration of topical therapy, — probably the 
most effective now available. 
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THE CUTANEOUS TOXICITY AND THERAPEUTIC EFFECTIVENESS OF PENICILLIN O“ 
Raymonp R. Mansn, M. D., f anv I. Gray Tittotson, M. D. 


CLEVELAND, OHIO 


HE incidence of cutaneous reactions during 
penicillin therapy has been substantially re- 
duced since a pure crystalline form of this drug has 
come into general use.! In certain patients, however, 
crystalline penicillin G must be used with caution 
or abandoned entirely because of the appearance 
of unpleasant or even hazardous reactions. Al- 
though newer antibiotics are available, penicillin 
remains the treatment of choice frequently enough 
to warrant search for a less allergenic preparation. 
In the study of the biosynthesis of penicillin G 
many different penicillins have been produced by 
altering the composition of the culture media.’: · 
Most of these are of little clinical importance, but 
one, designated as penicillin O, due to its slight 
onion-like odor, offered promise because of its anti- 
biotic potency and its failure to cause reactions in 
57 patients known to be 3 to penicillin G.“ 
It differs from penicillin G (benzyl nae in 
the presence of an allylmercap group on 
the basic penicillin structure. 

The present study was carried out to test the aller- 
genic properties of penicillin O, to define the 
tolerance to penicillin O of patients known to be 
sensitive to penicillin G and to gain further knowl- 
edge of the therapeutic effectiveness of penicillin O. 


MatTERIALs AND MeEtuHops 


Fifty-two hospitalized patients, consisting of 26 
men and 26 women, were given penicillin O as a 
therapeutic or prophylactic measure. The patients 
were divided into 4 groups as follows: those who 
had shown sensitivity to penicillin on a previous 
occasion, those who had not received penicillin 
previously, those who had received penicillin on a 
previous occasion without manifesting sensitivity 
to it and those in whom the previous administra- 
tion of penicillin could not be established with cer- 
tainty. Throughout their hospital stay all patients 
were seen at frequent intervals by one observer. 
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Crystalline penicillin O potassium (Cer-o-cillin)§ 
of a single lot number was used throughout the 
study; physiologic saline solution was used as the 
diluent. Except in 2 patients who received the 
drug by aerosol inhalation, the drug was adminis- 
tered by intermittent intramuscular injection in 
doses ranging from 200,000 to 2,400,000 units 
daily. Total doses ranged from 300,000 to 32,840,000 
units. Intrathecal injections were employed in con- 
junction with intramuscular injections in 1 patient. 
Therapy was continued for at least five days unless 
a sensitivity reaction occurred. 

In 3 of the 5 patients whose histories indicated 
a previous penicillin reaction, intradermal tests 
were performed, using 200 to 500 units of crystalline 
penicillin G in 0.1 ml. of physiologic saline solution 
in one forearm and a similar quantity of penicillin O 
in the other. No reaction occurred at either skin- 
test site within twenty-four hours, and treatment 
with penicillin O was begun. This procedure was 
omitted in 2 patients who were in urgent need of 
therapy at the time when they were first seen. 


REsuULTs 


Of the 52 patients treated with penicillin O, 
4 (7. 7 per cent), all men, developed cutaneous re- 
actions. The manifestations in 3 patients consisted 
of maculopapular eruptions over the upper thighs, 
buttocks, trunk and arms and, in the fourth pa- 
tient, of facial and periorbital edema and a general- 
ized maculopapular rash. Table 1 shows the rela- 
tion between these reactions and the presence or 
absence of a history of previous exposure or sen- 
sitivity to penicillin G. In the group of 5 patients 
who had histories of skin eruptions attributed to 
penicillin, 3 had no reaction when penicillin O was 
administered, whereas 2 showed intolerance to both 
types of penicillin. The interval between the ap- 
pearance of cutaneous sensitivity to penicillin G 
or to the early less pure preparation of penicillin 
and the administration of penicillin O was one day, 
one year and three years, respectively, in the 3 
patients who tolerated penicillin O without re- 
action and one day and five years, respectively, in 
the 2 patients who manifested sensitivity to both 
types of penicillin. The daily doses of penicillin O 

Supplied by the Upjohn Company, Kalamazoo, Michigan. 
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ranged from 200,000 to 600,000 units, and the total 
doses ranged from 650,000 to 13,600,000 units in 
the 3 patients who tolerated penicillin O without 
reaction. The total doses of penicillin O were 300,000 
units in a twelve-hour period and -1,700,000 units 
in a three-day period in the 2 patients in this group 
who developed cutaneous sensitivity to penicillin O. 


Taste Il. The Occurrence 
Penicillin O in 5. 


Cutaneous Reactions to 
Patients. 


Patients TREATED 


History Previous ADMINISTRATION 
0 witn Penicitus O 


Reaction to 


No. NO. OF DRUG 
REACTIONS 
— mi stration. eee ee eee 
administration without reaction... ..... 
vious administration unknown .............. 1 


There were 4 patients who had not received 
penicillin in any form prior to their treatment with 
penicillin O. Two patients in this group developed 
skin eruptions attributed to penicillin O. The daily 
doses of penicillin O in these 2 patients were 200,000 
units and 1,200,000 units, and their total doses were 
1,150,000 units and 8,800,000 units, respectively. 
One of these patients was given penicillin G four 
days after the appearance of cutaneous sensitivity 
to penicillin O; the skin eruption promptly recurred. 
The 2 patients in this group who tolerated penicillin 
O without reaction were given daily doses of 400,000 
units and 600,000 units and total doses of 2,300,000 
units and 5,100,000 units, respectively. 

No instances of sensitivity to penicillin O were 
encountered in the group of 24 patients who were 
known to have received penicillin previously with- 
out manifesting sensitivity to it or in the group of 
19 patients in whom previous administration of 
penicillin could not definitely be established but 
in whom no sensitivity to penicillin was known to 
have occurred. Daily doses of penicillin O ranged 
from 200,000 to 2,400,000 units and the total doses 
ranged from 1,000,000 to 32,840,000 units in these 


2 groups. 


Six patients in the entire group gave histories of 
recurrent attacks of hay fever or of asthma. They 
had all received penicillin G on a previous occasion, 
and 1 had experienced a cutaneous eruption at- 
tributed to penicillin G. None of these patients 
reacted unfavorably to penicillin O. 

Two patients received penicillin O by aerosol 
inhalation. Both had received penicillin G parenter- 
ally on a previous occasion, and 1 of them had mani- 
fested cutaneous sensitivity to penicillin G. Both 
tolerated penicillin O in aerosol without reaction. 

The effect of treatment with penicillin O was 
evaluated in 28 proved or suspected bacterial in- 
fections. Nine patients with pneumococcal pneu- 
monia were treated early in their illness, and all 
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showed a rapid subsidence of fever. The tempera- 
ture remained normal after forty-eight hours of 
therapy in 7 of these patients and after sixty hours 
of therapy in 2 patients. The leukocyte counts 
dropped to below 10, 000 within six days in 8 of 
the 9 patients. The throat and sputum cultures 
were cleared of the infecting organism in 8 pa- 
tients. The ninth patient made rapid clinical im- 
provement but retained a Type 3 pneumococcus 
in his throat until the time of discharge from the 
hospital. Serial roentgenograms showed clearing of 
the pneumonic infiltrations in all cases. 

Ten cases of pneumonia with normal bacterial 
flora in cultures of the sputum and throat on ad- 
mission were suspected of being of bacterial etiology 
because of an abrupt 3 initial prostration, 
high fever and leukocytosis. The response follow- 
ing administration of penicillin O in these patients 
was less dramatic, but temperatures were normal 
within four days and leukocyte counts normal 
within eight days in all cases. 

A patient who had been comatose for ten hours 
and was critically ill with a Type 3 pneumococcal 
meningitis arising from a middle-ear infection re- 
ceived on admission 20,000 units of penicillin O in- 
trathecally and 200,000 units every two hours 
intramuscularly; 5 gm. of sodium sulfadiazine were 
given intravenously. Intrathecal injections of 10,000 
units of penicillin O were given sixteen and seventy- 
two rs after entry. Pneumococci could no 
longer be demonstrated by smear or culture in the 
cerebrospinal fluid after sixteen hours of therapy. 
The patient regained consciousness in thirty hours, 
and the temperature was normal in sixty hours. 
Recovery was complete after twenty-one days of 
combined penicillin O and sulfadiazine treatment. 
The total dose of penicillin O was 32,840,000 units, 
and the total dose of sulfadiazine was 89.5 gm. 

Three cases of acute tonsillitis due to Group A 
beta-hemolytic streptococci were treated with peni- 
cillin O within thirty-six hours of the onset of their 
symptoms. Two of these patients showed rapid 
clinical improvement with absence of beta-hemolytic 
streptococci from throat cultures after twenty- 
four hours, normal temperatures after thirty hours 
and return of leukocyte and differential counts to 
normal after forty-eight hours of treatment. The 
clinical response of the third patient was slower. 
Beta-hemolytic s i were present in cul- 
tures of his throat for forty-eight hours after treat- 
ment was begun, and his temperature was not con- 
sistently normal until five days of treatment were 
completed. The diagnosis of streptococcal infec- 
tion in each of these 3 patients was confirmed by 
a rise in titer of antistreptolysin during convales- 
cence. Two patients admitted in diabetic acidosis 
had abscesses of the upper thigh from which beta- 
hemolytic streptococci were cultured. Penicillin O 
combined with surgical drainage resulted in a normal 
temperature in four and five days, respectively. One 
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patient (Case 4) with a coagulase-positive Staphy- 
lococcus aureus bacteremia had a normal tempera- 
ture and sterile blood culture within twelve hours 
of the initiation of treatment with penicillin O. 


Case Reports 


The case histories of those patients who developed 
hypersensitivity to penicillin O are presented briefly. 


Case 1. A 79-year-old man was acutely ill with a broncho- 
pneumonia of probable bacterial origin of four days’ dura- 
tion at the time of admission. There was no history of allergy 
or of previous penicillin therapy. Crystalline penicillin G in 
a dose of 100, units was given every four hours intra- 
muscularly for seven days, after which the drug was dis- 
continued because of the appearance of a nonpruritic maculo- 
papular rash over the buttocks, back and arms. Pyraben- 
amine, 50 mg. every four hours, was started and was con- 
inued during the su nent week. No local reaction was 
bserved to intradermal injections of 500 units of penicillin 
or penicillin O. Twenty-four hours after penicillin G was 
iscontinued penicillin O was begun in a dosage of 100, 
units every four hours. Thirty-six hours later the patient 
complained of itching, and the previous rash became in- 
— red and more widespread. The skin-test site for 
penicillin O showed marked erythema and induration at 
this time, whereas that for penicillin G showed no reaction. 
Penicillin O was stopped, and the rash subsided in four days. 
The characteristics of the skin eruptions and their temporal 
relation to the administration of penicillin G and penicillin O 
indicated that the penicillins, rather than an the 
drugs which the patient received (Demerol, chloral hydrate 
and Pyrabenzamine), were responsible for the skin eruptions. 


Case 2. A 50-year-old man was admitted with an acute 
bronchiolitis and probable early pneumonia of undetermined 
cause. He gave a history of marked facial edema during 

icillin therapy five years prior to admission. He was given 

,000 units of penicillin O and two hours later deve 
itching about the eyes. Six hours later facial and periorbital 
edema were present. Benad 50 mg. every four hours, 
was begun and was continued for five days. Nevertheless, 
the patient developed a generalized pruritic, maculopapular 
eruption, which subsided in four days. e skin eruption 
was attributed to penicillin O because of its clinical charac- 
teristics and because the other drugs given prior to the ap- 
pearance of the skin eruption, — Demerol and chloral hydrate, 
— were well tolerated subsequently. 


Case 3. A 57-year-old man was admitted with a mild 
bronchopneumonia of undetermined eti He had had 
no previous penicillin therapy. He received 50,000 units of 
penicillin O every four hours for three and a half days, 
after which the drug was discontinued because of the a 
pearance of a fine pruritic, scarlatiniform rash over 
trunk and arms. The rash subsided rapidly. The only other 
medications had been a capsule containing aspirin, aceto- 
phenetidin and codeine, given thirty-six hours prior to the 
development of the rash, and six tablets of Priodax (beta 
[4-hydroxy-3, 5-diiodopheny]]-alpha-phenyl-proprionic acid), 
given three hours prior to the appearance of the rash. Patch 
tests with these substances and an intradermal skin test with 
200 units of penicillin O were all negative. Clinically it was 
considered that penicillin O was the agent responsible for the 
rash, although a reaction to Priodax could not be excluded 

th certainty. 


Case 4. A 75-year-old man was treated for bacterial endo- 
carditis of two weeks’ duration. Four blood cultures grew a 
hemolytic, coagulase-positive Staphylococcus aureus that was 
sensitive to 0.25 units of penicillin G per ml. and 0.03 units 
of penicillin O per ml.* e patient could not recall having 
previously received penicillin in any form. Penicillin O was 
22 initially in doses of 100,000 units every three hours 
or four days; the interval between injections was then re- 
duced to two hours. On the ninth day a confluent maculo- 
papular rash appeared over the buttocks, chest and arms. 

enicillin O was stopped and aureomycin was given for four 
and a half days, during which time the rash faded. Penicillin 


*Sensitivity studies were performed by Dr. R. F. Parker. 
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G was begun in small doses that were gradually increased 
to 25,000 units every six hours. After forty-eight hours the 
itching recurred and the rash reappeared. Penicillin G was 
stop and aureomycin resumed. Aspirin, codeine and 
sodium pentobarbital had been given at various intervals 
prior to the occurrence of the initial skin eruption, but their 
administration had no temporal relation to the rash. Recur- 
rence of the rash when penicillin G was given further iden- 
tified the penicillins as the drugs responsible for the cutaneous 
manifestations in this patient, 


Discussion 

In this series of 52 patients treated with penicillin 
O, 4 developed cutaneous reactions. Two of the re- 
actions occurred in patients who had not received 
penicillin in any form previously and 2 occurred in 
patients who had experienced untoward reactions 
during previous administration of penicillin G. 
Three patients in whom penicillin G had previously 
caused skin eruptions tolerated penicillin O with- 
out difficulty. One of these patients was given 
penicillin O within thirty-six hours of the time when 
his reaction to penicillin G was apparent. This ex- 
perience differs from that of Volini and others,“ 
who found that sensitization to penicillin O failed 
to develop in 57 consecutive patients known to have 
had a reaction to penicillin G one to two hundred 
days previously. 

The results of the present study indicate that 
penicillin O is capable of producing toxic skin re- 
actions not only in patients previously sensitive 
to penicillin G but de novo in patients who have 
not had prior penicillin reactions. Administration 
of penicillin O produced no untoward skin mani- 
festations in 3 patients previously sensitive to 
penicillin G. It is possible that reactions would not 
have developed in this group even if penicillin G 
had been readministered. Skin tests in 2 of these 
3 patients showed no reaction to either penicillin G 
or penicillin O. The results of this study do not 
permit any precise statement concerning the rela- 
tive allergenic potency of penicillins G and O; con- 
trary to previous reports, however, it is apparent 
that penicillin O is capable of producing allergic 
reactions. 

In-vitro studies'® have shown that penicillin O 
has essentially the same spectrum of antibiotic ac- 
tivity as penicillin G but that in some instances it 
may have only half the potency of penicillin G by 
the usual assay methods. The present study in- 
dicates the clinical effectiveness of penicillin O in 
the more common gram-positive coccal infections. 
In those cases in which a definite diagnosis was 
established, the response to treatment was clinically 
comparable to that seen in similar infections treated 
with penicillin G. The experience in a single case 
(Case 4) suggests that penicillin O may be the drug 
of choice in selected cases in which an organism is 
actually more sensitive to it than to penicillin G. 
Laboratory variation in this instance may account 
for the apparent greater sensitivity of the organism 
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to penicillin O, eo 
actual difference cannot be excl 


SuMMARY 


Penicillin O caused cutaneous reactions in 4 of 52 
patients who received this drug. Two reactions oc- 
curred in patients who had shown prior sensitivity 
to penicillin G, and 2 occurred in patients who had 
no previous exposure to penicillin. 

Penicillin O was tolerated without reaction by 3 
patients in whom penicillin G had caused toxic 
skin eruptions. 

Penicillin O was an effective antibiotic agent in a 
small series of patients with gram-positive coccal 
infections. 
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MEDICAL PROGRESS 


RADIOLOGY IN BONE PATHOLOGY* 
Joseru Hanz, M. D., t ann Laurence L. Rossins, M. 


HE DISCOVERY of the roentgen ray gave 
tremendous impetus to the investigation and 
clarification of poorly or little understood disease 
entities and to the recognition of new ones. Of all 
the body structures the bones were the first to be 


genographic demonstration of bone abnormality 
and its clinical identification. Progress along these 
lines is dependent on the correlation of all branches 
of medicine, — clinical, laboratory, pathologic and 
radiologic. Recent years have witnessed the re- 
assessment and reclassification of many disease 
processes. In the identification of any particular 
bone lesion certain innate difficulties confront both 
the radiologist and the pathologist. Their two lines 
of approach are interdependent, and by the correla- 
tion of the two the discrepancy now at times ap- 
parent between radiologic and pathologic findings 
should steadily lessen. 

The present review attempts a brief survey of 
the field since Mallory* reported in 1942 on certain 
aspects of bone pathology. The literature pub- 
lished during the past eight years is too voluminous 
for detailed coverage. Emphasis has been placed 
primarily on articles concerned with the correlation 
of radiologic and pathological examinations, certain 

*From the Department of Radiology, Massachusetts General Hospital. 
Host — Department of Radiology, setts General 


Chief, Department of Radiology, Massachusetts General Hospital. 


newly established entities and improvements in 
roentgenographic methods for the better demon- 
stration of bone lesions. For more complete study 
of this extensive subject, several excellent textbooks 
are recommended.“ 


PEDIATRICS 


In 1948 Caffey’ said: “One of the great deficien- 
cies in pediatric roentgenology has been and still 
is the lack of satisfactory standards for the normal 
structures at different ages and for the normal 
ranges of variation in both morphology and func- 
tion. This deficiency is gradually being lessened by 
careful roentgen studies of large groups of normal 
infants and children in clinics devoted to normal 
child development.” An accurate estimation of 
skeletal maturation in older children is to be found 
in the work of Todd.“ Satisfactory standards for 
normal bone maturation in healthy living infants 
have been presented more recently by a number of 
investigators. 

The use of serial roentgenograms of the radius in 
the diagnosis and regulation of therapy in cases of 
congenital myxedema is described by Woolley and 
McCammon.'* Standard lengths of radiuses in 
children up to two years of age are given, as well 
as a curve showing the normal growth rate of the 
radius. 

Henderson and Sherman report the roentgeno- 
graphic anatomy of the skull in newborn infants," 
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extensively studied by this means. There has been 
an understandable lag, however, between the roent- ü 
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basing their findings on examination of 100 healthy 
subjects. 

Hypophosphatasia, a new developmental anom- 
aly, is described by Rathbun.“ This is apparently 
the first account of faulty bone development as- 
sociated with absence of alkaline serum phospha- 
tase. The patient, a poorly nourished infant with 
deformities of the wrists and bowing of the legs, 
died shortly after birth. X-ray examination re- 
vealed marked generalized skeletal decalcification, 
with deformities of the ribs and lack of normal 
calcium density at the metaphyseal ends of the long 
bones, simulating rickets. The epiphyses were not 
affected. Pathologic fractures were present. Al- 
though the kidneys contained numerous casts in 
the tubules no calcium or calcium phosphate was 
present. The vault of the skull showed a normal 
osteoid framework but no calcium deposits. This 
was regarded as an instance of primary failure by 
osteoblasts to produce alkaline phosphatase. 

A congenital syndrome of mechanical origin has 
been reported by Caffey. u The prenatal bowing 
and thickening of tubular bones with multiple 
cutaneous dimples in the arms and legs are, he 
believes, caused by mechanical intrauterine pres- 
sure and pressure atrophy of the fetal skin. A some- 
what similar appearance may be caused by rickets 
and Blount’s tibial osteochondrosis. Many of the 
bony deformities disappear with age, — especially 
those of the upper extremities, — but some may 
persist during the third year of life. This condition 
is similar to the entity described by Heyman and 
Herndon™ and by Barber“ in which congenital 
posterior angulation at the junction of the middle 
and lower thirds of the diaphysis of the tibia takes 
place. The bone otherwise appears to be of normal 
structure, and there is no disturbance in the lower 
tibial epiphysis. Good prognosis, with straightening 
of the tibia, follows conservative treatment. 

Diastematomyelia, a condition that consists of 
an embryologic defect of the neural axis and spinal 
column with a sagittal division of a segment of the 
cord or cauda, is discussed by Neuhauser, Witten- 
borg and Dehlinger.“ This sagittal division occurs 
most commonly in the lumbar area, but cases have 
been reported in which it extended to the seventh 
thoracic vertebra. The cord or cauda equina is 
transfixed by an osseous or fibrocartilaginous septum, 
which takes origin from the anterior portion of the 
vertebral body and is attached posteriorly to the 
dura. Roentgenologic examination shows widening 
of the neural canal, abnormal development of the 
vertebras and, at times, a midline osseous spicule. 
In the presence of these findings the diagnosis can 
be made without further procedure. If, however, 
a fibrous or cartilaginous septum is present the 
diagnosis must be confirmed by myelography. The 
recognition of this condition is particularly im- 
portant, as it may be remedied by surgical treatment. 
Because of the transfixing spicule or septum the 
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cord is prevented from making its normal ascent; 
consequently, Arnold-Chiari malformations and 
hydrocephalus may be associated abnormalities. 
The clinical signs and symptoms are significant; 
the patient may show evidence of impaired in- 
nervation to the lower extremities, such as club- 
foot or disturbance of sphincteric control. A de- 
fect of the skin suggesting spina bifida, such as 
excessive hair, skin dimple or nevus, may be noted; 
rarely there may be a meningocele. 

Dysplasia epiphysialis punctata or chondrodys- 
trophia calcificans congenita is a rare disease 
characterized by the presence of numerous discrete 
centers of unusual density in many of the epiphy- 
ses. Borovsky and Arendt*® report a case of this 
condition, which apparently exhibits no hereditary 
or familial influence and affects females twice as 
often as males. Fairbank, e in reviewing the litera- 
ture, found that of the 16 published cases the dis- 
ease was recognized in 14 before the age of nine 
months, suggesting that dysplasia began in fetal 
life. The affected epiphyses are enlarged and dwarf- 
ing is usually present, with limitation of motion and 
varying degrees of contracture. Other features of 
the disease are thickening of the skin, broadening 
of the nose, large nostrils, bilateral cataracts, dulling 
of the intellect and weakness. The epiphyses show 
a diffuse stippling, as if there were multiple centers; 
the centers may become smaller and fewer in num- 
ber or may fuse. The spotted epiphyses appear at 
an earlier date than do normal ossification centers. 
The follow-up study of these patients was incom- 
plete; half were known to have died; in one instance 
examination at the end of a nine-year period showed 
definite improvement in the appearance of the 
epiphyses, with fusion of the multiple centers. It 
is noted that the discrete stippling is distinct from 
the mottling and epiphyseal irregularity seen in 
cretins. Neuhauser has noted the occurrence of 
calcification of the cartilaginous rings of the trachea 
and bronchi. The resultant stiffening of the rings 
interferes with normal exchange of air in the lungs 
so that infection is prone to occur with subsequent 
death. 

Neuhauser and his colleagues“ present four cases, 
three of them in girls, of progressive diaphyseal 
dysplasia, another extremely rare entity, previously 
described in 1929 by Engleman. The syndrome is 
characterized by progressive symmetrical altera- 
tion in the diaphyses of the long bones, retarda- 
tion of growth, both in height and weight, and 
muscular weakness. X-ray examination shows sym- 
metrical distribution, with fusiform enlargement 
of the diaphyses of the long bones; the epiphyses 
and metaphyses are normal. Thickening of the 
cortex by endosteal and periosteal accretion of 
mottled new bone without recognizable trabecular 
pattern is manifest. Skull involvement when pres- 
ent has been confined to the base, which has shown 
amorphous increased thickness and density re- 
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sembling changes occurring in fibrous dysplasia. 
As a rule the hands, feet, ribs, spine and pelvis 
are not involved in the process. The lesion is 
sharply demarcated in the shaft and progresses 
along the long axis of the bone, both proximally 
and distally, with gradual alteration of previously 
normal bone. The extremity is relatively elongated 
compared with the size of the child. This condition 
resembles Paget’s disease in that there is progres- 
sive change in the cortical architecture; it differs 
from Paget’s disease in its lack of coarse accentua- 
tion of the trabecular pattern, the new cortical 
bone being of amorphous density without any 
pattern. The alkaline phosphatase is not affected, 
and the microscopical characteristics of Paget’s 
disease are absent. The lesion may be distinguished 
from infantile cortical hyperostosis by the age in- 
cidence, distribution and symmetry of involvement 
and its progressive nature. Although skeletal 
changes are the most obvious features, associated 
abnormalities suggest a widespread disease proc- 
ess. 

A somewhat similar case is by Sear,“ 
and Ribbing describes four siblings with like ab- 
normalities.“ In the latter report, however, the 
condition was familial, which was not true in Neu- 
hauser’s cases. 

In 1945 Caffey and Silverman™ reported on the 
principal features of a syndrome, infantile cortical 

is, that has its onset in the early part of 
the first year of life. A year later the findings in 
6 additional casesꝰ were published. The condition 
is characterized by tender swellings in one or more 
sites, — the face, jaws, scapular regions and ex- 
tremities. Multiple scattered hyperostoses are 
demonstrated radiographically in bones adjacent 
to the soft-tissue swellings, as well as in other bones 
over which the soft tissue appears to be normal. 
Despite these signs of disease the patients exhibit 
in all phases of the illness a striking lack of con- 
stitutional and systemic manifestations. The cor- 
tical thickening tends to diminish and disappear 
after several months, although occasionally swelling 
of the face may persist for two or three years. 

Smyth® reported in 1946 on what he called a 
“‘new syndrome,” which appears to have been the 
same entity described by Caffey. More recently 
Sherman and Hellyer“ have reviewed the literature 
and added five cases to the 27 previously pub- 
lished. In the entire group,—15 males and 12 
females, — all parts of the skeleton except the 
phalanges, the small bones of the carpus and tarsus, 
the vertebras and the pelvis have been involved. 
The etiology of the process is still unknown. Al- 
though the number of reported cases is relatively 
small, the actual incidence is probably much greater. 

Caffey has described 6 infants in whom multiple 
fractures in long bones were discovered in the pres- 
ence of chronic subdural hematoma.** In no case 
was there a history of injury to which the skeletal 
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lesion could reasonably be attributed, and in none 
was there evidence of generalized or localized skele- 
tal disease that would predispose to a pathologic 
fracture. Several of the fractures occurred after the 
first clinical evidence of subdural hematoma, but 
nothing in the history suggested that convulsive 
seizures or head injury could have been responsible 
for the fractures; their cause remains obscure. It 
is concluded that in the presence of unexplained 
fracture in the long bones of infants investigation 
with a view to possible subdural hematoma is war- 
ranted. Conversely, if subdural hematoma is known 
to be present, routine examination of the long bones 
should be made in order to rule out the presence of 
clinically silent fractures. 

Because of the common misinterpretation of 
double contours of the long bones and of cupping 
and spur formation at the ends of bones at the 
epiphyseal plate in infants, Glaser** investigated 
premature infants by means of serial studies over 
an eight-month period. The double contour fre- 
quently seen along the shaft of the bone was shown 
to result from the presence of normal bony ridges 
that were projected adjacent to the cortex, thus 
simulating the appearance of periosteal reaction. 
Similarly, cupping may be simulated at the distal 
ends of bones, particularly the tibia and fibula, by 
projection of these structures rather than actual 

ic disturbance. Re-examination with 
careful technical details can readily clarify such 
clinical misint 

The importance of close observation of both 
hips when treatment for congenital dislocation by 
means of abduction and external rotation is being 
carried out is pointed out by Tucker.“ In this 
position aseptic necrosis of the sound hip may 
result because of impairment of the vascular supply 
to the femoral head by pressure upon the acetabu- 


lar 

described by Al- 
bright and his co-workers** in 1942, has the same 
symptoms and chemical and clinical findings as 
hyp pP The former condition, how- 
ever, results not from a lack of parathyroid hor- 
mone but from an inability to respond to it. In 
addition, associated developmental abnormalities 
further distinguish it from true hypoparathyroid? 
ism.“ In both conditions the physical appearance 
of the patients is the same; their faces are usually 
round and their stature short and thickset. The 
most striking feature is a tendency to brachydac- 
tylia, due chiefly to shortening of the metacarpal 
and metatarsal bones. Other congenital abnormal- 
ities associated with pseudohypop idism 
(early union of epiphyses around the elbow, bowing 
of the radius, and exostoses) suggest that the dis- 
ease is related to dyschondroplasia. In addition to 
the skeletal abnormalities, soft-tissue calcifications 
may occur in the extremities and in the basal ganglia 
of the cranium. The shortening of the metacarpal 
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and metatarsal bones should not be confused with 
familial brachydactylia, which may be present as a 
predominant Mendelian character and i is not neces- 
sarily associated with pseudoh * 


Osteomyelitis 

Acute osteomyelitis. One of the newer observa- 
tions is that osteomyelitis of the acute fulminating 
type is becoming a disease of the past. This fact 
seems to be due to the use of antibiotics. It is ap- 
parent to the radiologist as well as to the clinician 
that there are fewer severe acute infections, includ- 
ing postoperative complications, than in the pre- 
antibiotic days. Nevertheless, it is imperative 
that certain radiologic changes be recognized when 
serious infections do occur. 

In acute osteomyelitis, roentgen changes in bones 
are not evident until ten to fourteen days after the 
onset of illness. This delay in diagnosis has been 
reduced by the results of soft-tissue studies*® that 
have shown that during this phase of the disease 
changes in these structures may be demonstrated 
radiographically, thus providing an earlier diagnosis. 
Loss of intermuscular planes and loss of the fat 
shadow beneath the subfascial planes may appear 
as early as twenty-four hours after the first clinical 
symptoms. As bone abnormalities manifest them- 
selves, those in the soft tissues regress, which fact 
suggests that the soft-tissue changes are due to 
increased intraosseous blood-vessel and lymphatic 
pressure. Of first importance in differential diag- 
nosis is the fact that the soft-tissue edema is ap- 
parent throughout the length of the bone in acute 
osteomyelitis whereas in tumor and trauma it is 
usually confined to localized areas. 

McAdam“ emphasizes the profound changes that 
have taken place in osteomyelitic reactions under 
penicillin therapy; others note the lessened severity 
of the residual bone changes following subsidence 
of the acute disease.“ Altemeier and Reinecke® 
divide their 52 cases of acute hematogenous osteo- 
myelitis into four groups: Group 1, cases recognized 
and treated within one to three days after onset, 
with no or minimal bone changes; Group 2, those 
with duration of disease of more than one week 
with minor bone changes and occasional sequestra- 
tion; and Group 3 and Group 4, those with severe 
and fulminating infections, which in preantibiotic 
days would probably have terminated fatally and 
in which today the patients are less severely ill 
and in many instances recover. In the last two 
groups, also, the bone changes are less marked and 
more readily restored to normal than formerly. 
The roentgenographic evidence of repair appears 
at a much later date than do the clinical signs of 
improvement.“ 

It has been reported by Hutter“ that acute osteo- 


myelitis may occur in the newborn, usually during 
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septicemia. The area about the hip seems to be most 
frequently involved. X-ray examination commonly 
shows widening of the joint space with apparent 
lateral displacement of the femoral head. This can 
be distinguished from congenital dislocation by the 
preservation of the normal arch of the acetabulum 
and by the soft-tissue swelling noted in osteomye- 
litis with the usual later demonstration of peri- 
osteal elevation and bone destruction. 

Osteomyelitis is a complication that not uncom- 
monly follows marrow infusions in infants. Two 
patients who had received continuous intraosseous 
infusions with resultant osteomyelitis are described 
by Texter, Irwin and Kaump**; both infants re- 
sponded to penicillin therapy. The same authors 
reviewed 19 previously published cases. They 
found that in patients receiving continuous infu- 
sions and in those to whom hypertonic solutions were 
administered the incidence of osteomyelitis rose from 
6 to 13 per cent. 

Common causes of chronic osteomyelitis are tuber- 
culosis, coccidioidomycosis and other fungous dis- 
eases. % The roentgenographic aspects of these 
conditions have been extensively described. Less 
familiar infections causing similar bone changes 
are disseminated granuloma inguinale,** echinococ- 
cic involvement," torulosis® and leprosy. Certain 
sporadic cases of leprosy may appear in temperate 
zones when transmitted from endemic areas by 
members of the armed forces or their families. 
The radiologic appearance of bone changes is no 
different from that previously known. 

Infections of Unknown Etiology 

Certain idiopathic lesions of the feet may be of 
infectious rather than neuropathic origin, according 
to Hodgson and his colleagues.“ They are charac- 
terized by absorption of bone, decrease in the 
caliber of bone and “pencil-point” deformity of 
the metatarsals. In a study of 61 such cases only 
one common was found, — infection in 
adjacent soft tissue. The authors believe that 
infection is responsible for these changes, which 
were previously attributed to neuropathy. 

Cooper and others® report an instance of familial 
osseous atrophy, demonstrated roentgenographic- 
ally. The bone abnormalities seem to have been 
similar to those reported by Hodgson; the familial 
incidence is interesting. 


Tumors 
Benign Tumors 


Giant-cell tumors (osteoclastoma). Although this 
group of lesions is the subject of considerable con- 
troversy, reclassification of its various components 
represents one of the advances in the diagnosis of 
bone disease.“ Andersen and Lichtenstein® dis- 
cuss the present 9 of classification, 
theoretical etiology and methods of treatment; 
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both clearly indicate the need of biopsy to obtain 
positive diagnosis as well as to differentiate benign 
and malignant varieties. Brailsford,* on the other 
hand, believes that biopsy not only reveals nothing 
beyond the diagnosis already made by x-ray ex- 
amination but may actually disseminate tumor 
cells, weaken bone or cause risk to the patient. He 
contends further that surgical trauma may incite 
malignant change and that x-ray therapy, which 
produces an apparent osteolysis, should be used 
judiciously and only after the institution of careful 
protective measures. Brailsford’s views have not 
been received with enthusiasm in this country. 

Jaffe®* excludes all the so-called variants because 
they have little in common clinically or anatomi- 
cally with genuine giant-cell tumor. In a study of 
selected lesions of this type it is found to be a rela- 
tively uncommon, highly distinctive tumor, which, 
far from being consistently benign, frequently shows 
aggressive characteristics. It is rarely seen 
the age of 20; it usually occurs in the end of a long 
bone, almost always involving the epiphysis, and 
seldom produces the typical “soap-bubble” appear- 
ance. Jaffe grades giant-cell tumors by their in- 
creasing number of stromal cells. The “plumping 
up” of these cells, particularly of their nuclei, the 
mitotic division of many and the presence of one 
or more very large nuclei are important factors in 
gradation. He considers either a Grade II or a 
Grade III lesion serious, not only requiring ampu- 
tation but often proving fatal. 

In brief, it may be stated that giant-cell tumor is 
a true tumor, sometimes malignant; it occurs most 
often between the ages of 20 and 30 years; it usually 
extends to the end of a long bone; it may present 


as an area of expansile destruction or as an expan- 


sile ““soap-bubble” type of lesion; it is best treated 
surgically, but if this is not feasible roentgen therapy 
may be of value.“ If irradiation of a giant-cell tumor 
is undertaken the radiologist should be aware of 
the typical so-called paradoxical reaction that re- 
sults from treatment. For perhaps two to four 
months after treatment the lesion may appear to 
be progressing; later this reaction subsides and heal- 
ing becomes evident. 

A “benign” chondroblastoma®:* has a radio- 
graphic appearance that is very similar to that of a 
giant-cell tumor. Another process that may be con- 
fused with giant-cell tumor is aneurysmal bone 
cyst, . * which is most often seen in the age group 
between 10 and 20, rarely in young adults. It may 
be located in vertebras, flat bones or long bones. 
The patient may experience pain and note the pres- 
ence of a “lump.” On x-ray examination this cyst 
presents as a “ballooned-out” eccentric lesion in- 
volving only a portion of the bone width. When it 
is located in the shaft of a long bone it has a tra- 
beculated (“‘soap-bubble”) appearance, and dif- 
ferential diagnosis is difficult. Pathological examina- 
tion has shown that the bone is replaced by vas- 
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cular fibrous tissue; blood-filled channels are present 
in supporting connective tissue, in which there is 
hemorrhage and giant-cell and new-bone formation. 
It is reported as benign. 

Jaffe and Lichtenstein“ have described 8 cases 
of chondromyxoid fibroma of bone, which they 
believe is a benign entity likely to be mistaken for 
chondrosarcoma. The patient’s complaints are 
minimal; pain, usually present, is intermittent and 
does not necessitate hospitalization as a rule until 
some months after onset. When the lesion is found 
in the long bones, it is in the metaphyseal end, usual- 
ly without involvement of the epiphysis; even in the 
small bones it tends to eccentric, — ovoid in 
shape, with its long axis in the long axis of the 
affected bone. It is lytic, with a distinct adjacent 
zone of sclerosis, which may be grooved. Coarse 
trabeculations may be associated with a thin ex- 
panded shell of bone, which is often difficult to 
recognize. Although the authors claim that this 
lesion is easily recognized, its appearance on x-ray 
films, so like that of a giant-cell tumor in the meta- 
physeal portion of bone, may be difficult to dis- 
tinguish from chondrosarcoma or fibrosarcoma. 

A similar roentgenographic appearance has been 
described by Longstreth,” in the case of a myxo- 
chondrosarcoma of the talus. The patient, a 62- 
year-old man, developed a mass about the ankle 
after a minor injury, with limited motion of the 
joint. X-ray examination demonstrated destruction 
of the superior margin of the talus, with soft-tissue 
involvement. Although the histologic report on 
the original biopsy was chondrosarcoma, at ampu- 
tation a year later the diagnosis was myxochondro- 
sarcoma. The patient subsequently developed lung 
metastases and died. 

Osteoid osteoma. Although it was described in 
1935, it is only in recent years that this lesion has 
been established as a common entity. Jaffe®* and 
his associates have been the leaders in promoting 
this process to the position of a peculiar benign 
tumor; others contend that it is a form of chronic 
sclerosing osteomyelitis. Whether it be tumor or 
osteomyelitis, it is relatively common, occurring 
usually in young persons between the ages of 10 and 
30. Pain and local tenderness are its chief clinical 
features; considerable sclerosis of bone, with a 
central nidus, is the outstanding characteristic 
as seen by x-ray. At first the nidus may be very 
dense, surrounded by local rarefaction that is suc- 
ceeded by an area of sclerotic bone. The nidus 
later loses its density, and a central area of rare- 
faction is found within a larger area of sclerotic 
bone. Surgical excision, if the nidus can be removed, 
affords relief. 

Moberg,® in a study of the natural course of an 
osteoid osteoma without surgical intervention, 
offers some interesting observations on the charac- 
ter of this condition. He describes the course of 


the disease in two histologically unproved cases that 
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had the typical roentgenographic appearance and 
later spontaneous healing. 


Malignant Tumors 


Ewing’s tumor. This queer tumor is well known 
yet still presents unusual manifestations. Lich- 
tenstein and Jaffe’® report on 17 cases, in 5 of which 
complete autopsies were obtained. The majority 
of the tumors were found in patients between 12 
and 19 years of age. 

Out of 192 primary bone tumors, McSwain and 
his colleagues” report 20 as Ewing tumors. Of the 
20, only 3 lived five years or more without recur- 
rence; 1 survived fourteen years before dying of 
metastatic disease. These authors found a 9 per 
cent five-year survival in an analysis of 565 cases of 
Ewing’s tumor, from i publi 


reports. 

Although surgery in the treatment of this tumor 
may rarely be successful, x-ray therapy is the treat- 
ment of choice in most instances.” 

Osteogenic sarcoma. Jaffe*® believes that this 
group of tumors should be divided into the recog- 
nized components, such as true osteogenic sarcoma, 
fibrosarcoma and chondrosarcoma. Many others, 
however, consider that for the purposes of follow-up 
study all these forms should be classed under one 
broad general heading. As classified by Jaffe, osteo- 
genic sarcoma is the most common malignant tumor 
of bone. Approximately one half of the bone tumors, 
as well as of the soft-tissue extensions, are ossified 
and eburnated to a considerable degree, the other 
half to a lesser extent. Fibrosarcoma may present 
as an area of destruction in cortical bone with soft- 
tissue extension, which, however, is not ossified. 
Chondrosarcoma, frequently beginning as a central 
lesion, is slow-growing; whether central or other- 
wise, it tends to retain its original growth tendency. 
In the osteogenic group as a whole, there is usually 
evidence of a lesion within the bone, which may be 
either destructive or sclerotic. A periosteal cuff 
with an associated soft-tissue mass is characteristic. 
X-ray differentiation of the various types is difficult 
or impossible. Clinically, osteogenic sarcoma and 
fibrosarcoma usually occur in patients between 
the ages of 10 and 25, whereas chondrosarcoma is 
found more often in those between 25 and 50. 
Biopsy is the only means of securing a positive 
diagnosis. 

Prevo reports that 0.8 per cent of all orthopedic 
patients seen in his clinic were suffering from some 
form of bone tumor, either benign or malignant. 
He points out that in Ewing’s tumor a five-year 
freedom from metastasis does not exclude the pos- 
sibility of its later recurrence whereas in other 
tumors five-year “cures” are much more indicative 
of lasting favorable results. 

Coley and Harrold™ found 59 cases of five-year 
survival in a group of 262 determinate cases of 
osteogenic sarcoma. They agree with Jaffe that 
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the pathological classification should be broken 
down into subdivisions, as both fibrosarcoma and 
chondrosarcoma metastasize at a later stage of the 
disease than does true osteogenic sarcoma. 

8.5 per cent of the 59 patients with five-year sur- 
vivals died of their disease. The authors claim that 
if a patient with osteogenic sarcoma lives five years 
his chances of escaping further advance of the proc- 
ess are 12 to 1. 

The malignant potentialities of abnormally situ- 
ated cartilage (enchondroma or osteochondroma) 
have been stressed.“ Where feasible, the complete 
surgical extirpation of such lesions is recommended. 
The histologic diagnosis of benign chondroma and 
chondromyxoma does not preclude possible local 
recurrence or distant metastases. Any alteration 
in the appearance of such lesions arouse 
suspicion of malignant transformation. 

The development of sarcomatous degeneration in 
Paget’s disease is not uncommon and is a serious 
portent. Seven of Platt’s’* 10 patients so afflicted 
died within one year. The occurrence of sarcoma in 
pre-existent areas of fibrous dysplasia or fibrocystic 
disease is a rare manifestation only recently recog- 
nized — and also heralds a dismal prognosis. Three 
of four cases reported terminated fatally.” 7 Al- 
though many cases of fibrous dysplasia or fibrocystic 
disease have been seen in the Massachusetts General 
Hospital for relatively short periods of time (five 
to ten years), no malignant degeneration has been 


Reticulum-cell sarcoma. An over-all presentation 
of this type of tumor is to be found in a recent article 
by Coley, Higinbotham and Groesbeck. “e After 
a review of the history and incidence of the entity, 
its characteristic clinical and pathologic features, 
based on a study of 37 proved cases, are described, 
and the value of x-ray therapy is pointed out. 

The diagnostic roentgenologic changes of reticu- 
lum-cell sarcoma of bone have been well described 
by Sherman and Snyder,“ whose conclusions have 
been based on roentgenograms of 17 proved cases. 
In brief, they found that the tumor occurs most 
often in long bones without significant localization 
in a given bone and without constant symmetry 
or configuration. Destruction of bone is invariable 
and usually outweighs productive changes. In 
structure the tumor shows a patchy arrangement of 
areas of destruction, often associated with similar- 
sized areas of production without definite boundary. 
The bone cortex is destroyed without evidence of 
expansion or thickening. There may or may not 
be evidence of periosteal and adjacent joint change 
with accompanying synovitis. Pathologic fracture 
occurs in about 25 per cent of these tumors. A pri- 
mary reticulum-cell sarcoma of bone is usually 
solitary; if untreated it grows rapidly but retains 
its initial characteristics; its response to radiation 
therapy is usually good. 
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The acceptance of reticulum-cell sarcoma of 
bone as an entity is relatively new. Because it has 
not been well known as an isolated lesion, it seems 
possible that many so-called cured cases of Ewing’s 
tumor reported in the past may actually have been 
reticulum-cell sarcomas. In view of this a review of 
histologic sections of these lesions would be of in- 
terest. 

The importance of x-ray examination of the skele- 
ton in children in whom leukemia is suspected is 
emphasized by Kalayjian, Herbut and Erf.“ This 
is particularly true when the clinical findings are 
indefinite. Bone changes associated with leukemia 
may be nonspecific, but the diagnosis should be 
seriously entertained in cases showing evidence of 
bone destruction, expansion of the marrow cavity, 
demineralization, periosteal elevation and decal- 
cification of the metaphyses. 

That involvement of bone in lymphoma or allied 
disease may be confused with hyperparathyroidism 
is worth noting. Van der Sar and Hartz®™ report 
a case in which there was marked decalcification of 
the skeleton and in which the clinical findings in- 
dicated hyperparathyroidism. The patient died 
of uremia; the anatomic diagnosis was lymphosar- 
coma. 

Myeloma. Some cases of myeloma may also 
simulate hyperparathyroidism. The question of the 
existence of a solitary myeloma as an entity is 
raised by Christopherson and Miller.” They discuss 
a group of cases that were observed for three years 
without evidence of dissemination, and they con- 
clude, on the basis of roentgenographic studies of 
the remainder of the skeleton and bone-marrow and 
hematologic findings, that plasma cells are present 
in the solitary tumor whereas myeloma cells charac- 
terize the multiple myelomas. This point has theo- 
retical interest, but to judge by our experience most 
patients with solitary myeloma, if they live a sig- 
nificant length of time, develop multiple foci. This 
emphasizes the fact that myeloma progresses at a 
leisurely pace, an observation confirmed by Bayrd 
and Heck.“ 

For those desiring a thorough review of the sub- 
ject of multiple myeloma the investigations of Lich- 
tenstein and Jaffe“ are recommended. 

That myeloma occurs not only in adult life but 
also in childhood is pointed out by Jansson, e who 
reviews the literature and reports an additional 
case. He states that in a group of 9 children the 
major changes were found about the hip and other 
large joints, — the ribs and skull seemingly being 
spared. Spinal changes, — marked expansion of the 
intervertebral disk spaces, — are manifest. 

Recent suggestions that x-ray therapy might be 
of consistent value in myeloma have been dis- 
proved by Garland and Kennedy.“ These lesions, 
except in an occasional case, proved to be radio- 
resistant. These authors’ recommendation that 


solitary myelomas be adequately irradiated seems 
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inconsistent, as at the same time they question 
the existence of this entity. 

The roentgenologic features of neurofibromatosis 
have been discussed by Holt and Wright. 87 General 
surveys were made on 97 patients; in 37, some skele- 
tal defects more or less corresponding to the clinical 
manifestations of the disease were demonstrated. 
In some cases also notching of the ribs, long con- 
sidered a pathognomonic sign of coarctation of the 
aorta but in this instance resulting from neuro- 
fibromatous pressure and erosion, was noted. Uni- 
lateral notching of the ribs associated with the 
tetralogy of Fallot has been reported by Batchelder 
and Williams.“ 


(To be concluded) 
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CASE 37271 
PRESENTATION OF CASE 


A forty-two-year-old man was admitted to the 
hospital because of a tumor of the jaw. 

More than a year before admission the patient 
noted an asymptomatic lump in the right mental 
area of the mandible. This was removed by curet- 
tage by an oral surgeon four months before entry 
and was reported as benign. The lesion recurred, 
and at the time of entry the mass was about the 
same size as it was originally. 

Physical examination showed a healthy-appearing 
man. There was a bone-hard, insensitive, smooth- 
surfaced, fixed mass measuring about 3 x 4 cm., in- 
volving the lateral and inferior aspect of the right 
mandible. There was no abnormality of the mucous 
membrane. The only other physical abnormalities 
were slight anisocoria and three tiny heman- 
giomatous spots over the abdomen. 

The blood pressure was 130 systolic, 90 diastolic. 

A urinalysis was normal. Examination of the 
blood showed a hemoglobin of 15.3 gm. An x-ray 
film of the mandible demonstrated a soft-tissue mass 
involving the anteroinferior portion of the mandible, 
extending chiefly to the right. Irregular destructive 
changes were observed in the horizontal ramus of 
the right mandible, extending to the midline and 
also involving the anterior portion of the left hori- 
zontal ramus. Within the soft-tissue tumor were 
visible calcified streaks lying perpendicular to the 
bone. The calcification appeared to arise from the 
mandibular periosteum (Fig. 1). X-ray films taken 
elsewhere five months before entry (one month 
before the curettage) were essentially similar. 

On the second hospital day an operation was 


performed. 
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DiFFERENTIAL DiacNosis 


Dr. Ernest M. Datanp*: I inquired about the 
removal of the lump in the right mental area and 
was told that it was done through the mouth. It 
is interesting that even though the incision had been 
made through the mucous membrane into the jaw, 
four months later there was no ulceration of the 
mucous membrane. 

May I see the x-ray films? 

Dr. Stantey M. Wyman: The films were taken 
over a five-month period. During this entire period 
of time the lesion can be seen as essentially un- 
changed. It consists of an area of bone destruction, 
rather irregular and somewhat broken in contour, 
surrounded by some bone sclerosis (Fig. 1). The 
lesion appears to extend into the center of the man- 
dible anteriorly, as seen in the anteroposterior view. 


Ficure 1. X-ray Film of Jaw. 
Arrows point to margin of lesion. 


Two small contact films show definite periosteal 
new-bone formation with bony spicules perpen- 
dicular to the main contour of the mandible. 

Dr. Daranp: The two contact films seem to be 
the important diagnostic films. The others show 
the general location of the mass and that it had 
been present for several months without much 
change in size. You will note that this man is 
edentulous at forty-two years. There was not much 
in the history that will help me except the local 
examination. 

What are some of the possibilities for a lesion in 
this part of the body? One thing I must not lose 
sight of is the possibility that he had a metastatic 
lesion in the jaw from some other focus. There was 
nothing in the history or physical examination that 
suggested that he had ever had any other neoplastic 
lesion. I recall seeing two patients with tumors 
the jaw, one of which was ulcerated and the other 
was not. One patient had a known carcinoma of the 
jaw and the other one did not. We were much 


*Visiting surgeon, Massachusetts General Hospital. 
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chagrined to have the pathologist look at the sec- 
tion and tell us that if we examined the rectum we 
would find the primary lesion — and he was right. 
The x-ray findings do not suggest a metastatic 
lesion, but it is something to be kept in mind. Most 
carcinomas of the jaw, so called, are primary car- 
cinomas of the mucous membrane with invasion of 
the jaw. Epidermoid carcinomas are rarely found in 
the jaw unless a primary focus is found. However, 
I have had one patient with epidermoid carcinoma 
of the jaw who had a complete resection of the jaw — 
and no point of entry was found; nothing else ever 
showed up, so it seemed likely that it arose from a 
tooth socket, although there was no such history. 
With carcinoma of the jaw one expects to find an 
ulcerated lesion in the mouth along with the destruc- 
tive areas in the jaw. 

I know nothing at all about the Hinton test on 
this patient, but I think the lesion was not syphilitic. 

Adamantinoma is another possibility. The x-ray 
findings are not in line with a diagnosis of adaman- 
tinoma. Ordinarily a hard nonulcerated lesion is 
found, but on x-ray examination cystic areas are 
seen within the larger tumor. There is nothing 
here to suggest cyst formation, but many times an 
adamantinoma cannot be diagnosed except by 
biopsy. 

It seems to me that the most probable diagnosis 
here is osteogenic sarcoma. I have a report that the 
tissue from the first curettage was reported as be- 
nign. The pathologist reports on the tissue he is 
given. It is quite likely that the first surgeon did 
not reach the involved area. He may have removed 
some sclerotic bone secondary to the malignant 
process. Certainly in the films the most characteris- 
tic part of the tumor is along the lower border, 
which could not be reached through the mouth ex- 
cept by complete resection of the mandible. Osteo- 
genic sarcoma of the jaw is a less malignant type 
of sarcoma than that found in the long bones. It 
does not have the same tendency to metastasize — 
certainly not as early as osteogenic sarcomas of the 
long bones. It may run quite a long course before 
it breaks through or before the attention of the 
physician is called to it, but it is nevertheless a lethal 
lesion if it is not completely removed. It is not sur- 
prising to see very little change in this condition 
over a four-month period. 

This lesion in a forty-two-year-old man had de- 
structive and sclerosing areas, but most important 
was the involvement of the periosteum — a break 
in the periosteum and a sun-ray formation of tiny 
areas of calcification at right angles to the mandible. 
That usually means osteogenic sarcoma, but not 
always. If he had a fracture through the mandible, 
I would expect to find irregularity during the proc- 
ess of repair and even calcification out in the soft 
parts, not rays of this sort. I believe, therefore, 
that this man had an osteogenic sarcoma of the 
mandible. 
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Dr. Grantey Taytor: It is very interesting that 
the sections of the tissue removed four months be- 
fore admission apparently were not only reviewed 
by the local pathologist but were sent to several 
others. The report was fibrous dysplasia with in- 
vasion. I finally tracked down these slides before I 
operated on the patient and gave them to Dr. 
Castleman, who said that it was not fibrous dys- 
plasia but low-grade sarcoma. The clinical behavior 
certainly was not consistent with fibrous dysplasia, 
about which I am sorry to say I cannot give you 
any learned discourse. It is a very mystifying process 
to me in any case. Certainly in this case the phys- 
ical and x-ray appearance did not even suggest it. 

The radiologist was of the opinion that we were 
dealing with a malignant tumor, on the grounds that 
the area of destruction was irregular, diffuse and not 
circumscribed in any way and had none of the 
characteristics of a benign process. At any rate, 
the patient was a healthy man with a tumor of the 
jaw, which it was a simple matter to resect. He 
made an excellent convalescence and went home 
on the seventh day. We did a tracheotomy as a 
safety measure because we resected the midline, 
and under those circumstances patients may have 
postoperative complications due to lack of control 
of the tongue and airway. We took the tube out 
on the second day and the wound was closed. It 
had healed by the time of discharge from the 
hospital. 

Curnicat DiacNosis 

Osteogenic sarcoma of mandible. 


Dr. Datann’s Diacxosis 
Osteogenic sarcoma of mandible. 
ANAToMICAL D1aGnosis 
Osteogenic sarcoma of mandible. 
PaTuHo.ocicaL Discussion 


Dr. Tracy B. Mattory: For a number of years 
before Lichtenstein and Jaffe* described the con- 
dition that he termed fibrous dysplasia, it had been 
recognized that around the jaws, more commonly in 
the maxilla than in the mandible, benign bone-form- 
ing tumors were rather frequent. They have been 
described under several different names. One that 
we used in this hospital for many years was ossify- 
ing fibroma. Particularly in jaw lesions this process 
may closely mimic osteogenic sarcoma, and the dif- 
ferential diagnosis is not easy to make. Most path- 
ologists have learned to be cautious of making the 
diagnosis of osteogenic sarcoma in a jaw mass unless 
the findings are extremely typical. I think Dr. 
Castleman is to be congratulated for recognizing 
this as a sarcoma. I am not perfectly sure that I 
would have done so myself on the original sections 
submitted to us, although the subsequent course of 


*Lichtenstein, L., and Jaffe, H. L. Fibrous dysplasia of bone. Arch. 
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the lesion and the sections from the recent resection 
left no doubt about the matter. 


CASE 37272 
PRESENTATION OF CASE 


A forty-four-year-old woman was admitted to 
the hospital because of biliousness and anemia.” 

Fourteen years before admission the patient had 
a cholecystectomy because of “colic”; at this time 
she was told that she had a “harmless little tumor 
of the stomach.” According to a report from the 
hospital, this was removed and pathological ex- 
amination revealed a fibroma. Since operation 
she had had rare bouts of nausea and vomiting after 
heavy meals, but these had gradually diminished. 
Occasionally, however, she noted a “knotted” 
feeling in the midepigastrium, gaseousness and right 
subcostal pain radiating around to the scapula. 
About three months before entry friends noted that 
she was becoming pale, and she noted tarry stools, 
which continued to the time of admission. The 
hemoglobin was found to be 40 per cent and the 
stools guaiac positive; a gastrointestinal series 
and barium-enema examination were negative. 
She had frequent headaches during these three 
months. Her appetite had remained fairly good. 
There was no statement concerning weight loss. 
One week before admission she was admitted to 
another hospital, where three blood transfusions 
were given; she was then transferred to this hospital. 

Physical examination revealed a well developed, 
pale, middle-aged woman. There were no palpable 
lymph nodes. The heart and lungs were normal. 
Examination of the abdomen showed a diagonal 
right-upper-quadrant scar and a small umbilical 
fascial defect; there was no tenderness and no pal- 
pable organs or masses. 

The blood pressure was 130 systolic, 80 diastolic. 

The hemoglobin was 13.4 gm. and the white-cell 
count 5200. A blood Hinton test was negative. The 
van den Bergh test was 0.2 mg. direct and 0.3 mg. 
total and the total protein 6.5 gm. per 100 cc. The 
prothrombin time was 18 seconds. One stool was 
guaiac negative. An x-ray film of the chest and 
barium-enema examination were normal. A gastro- 
intestinal series showed a normal esophagus; in the 
stomach there was an irregular filling defect along 
the lesser curvature side of the posterior wall, ex- 
tending from the fundus downward, involving ap- 
proximately half the body (Fig. 1). Within this 
defect there was a large ulceration measuring 2 cm. 
in diameter and about 2 cm. deep; it appeared to 
be intraluminal in position. The remainder of the 
stomach and visualized duodenum and jejunum 
were within normal limits. 

On the fifth hospital day an operation was per- 
formed. 


July 5, 1952 


DiFFERENTIAL D1AGNosis 


Dr. Stantey M. Wyman*: Being a radiologist, © 
I shall begin by showing the films. The examina- 
tion of the chest was within normal limits. The 
barium-enema examination was noncontributory. 
In the films from the upper-gastrointestinal series 
taken in this hospital the area in question is out- 
lined very well, and I shall leave these films for 
your study while I discuss the case. 

The history seems to me noncontributory and at 
the same time perhaps very enticing. Cholecystec- 
tomy fourteen years before entry leaves me with 
very little ground for discussion. However, at that 
time the patient was said to have a harmless little 


Ficure I. X-ray Film from Gastrointestinal Series. 
Arrow points to rectangular pooling of barium. 


tumor of the stomach, which was described patho- 
logically as a fibroma. I do not know whether this 
was really a fibroma or a leiomyoma, the latter 
being much more common, I believe. The history 
from that point on was rather indefinite, consisting 
of a vague “knotted” feeling in the epigastrium, 
some nausea and vomiting after heavy meals, gas- 
eousness and right subcostal pain. All of those, so 
far as I am concerned, are not much help in the 
diagnosis. However, three months before entry she 
was noted by her friends to have become pale — 
and that, of course, is a very real finding. At that 
*Radiologist, Massachusetts General Hospital. 
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time she had tarry stools, so I know she was having 
considerable bleeding from the gastrointestinal tract. 
Since the blood was tarry, it is most likely that the 
bleeding came from high up in the gastrointestinal 
tract. The statement is made that a gastrointestinal 
series in another hospital was negative. However, 
the films that were obtained approximately one 
month before her admission to this hospital showed, 
on review, the same lesion that was found here. 
I think I must take the statement that the upper- 
gastrointestinal series was negative to mean that 
no lesion was found, but I am hard put to it to be- 
lieve that no lesion was present. 

To continue the history, her appetite remained 
good, but there is no statement about weight loss. 
The physical examination was remarkably negative 
except for the pallor. The hemoglobin of 13.4 gm. 
was obtained after she had had three blood trans- 
fusions elsewhere. One stool examination here was 
guaiac negative. I am sorry more were not done. 
I think they might have been positive. 

This patient had a picture that consisted pri- 
marily of a vague upper-gastrointestinal complaint 
and definite gastrointestinal-tract bleeding, and by 
x-ray examination she had a lesion in the stomach 
that appeared without much question to be a sur- 
gical problem. The exact nature of the lesion is 
open to speculation. Up to the present I have not 
made up my mind exactly what it is. 

There are a number of pieces of additional infor- 
mation that might have been of tremendous help. 
I should like to know, if possible, the gastric acidity. 
This might be of some help in ruling carcinoma in 
or out. It is quite possible, of course, to have carci- 
noma and free hydrochloric acid, but nonetheless 
it is a straw in the wind. Today cytologic ex- 
aminations are being done so commonly that it 
might have been of interest to perform this type of 
examination on this patient, although the degree 
of accuracy on gastric washings is not as high as 
in other parts of the body. Lastly, of course, gas- 
troscopy, if it could have been accomplished without 
danger, would have been of considerable interest 
and might have made the definitive diagnosis. 
However, you will notice that the lesion began in 
the stomach very close to the esophageal orifice 
and extended downward in a somewhat polypoid 
fashion, so the gastroscope might have run into 
difficulty if it had been passed. 

Turning to the x-ray films themselves, I am con- 
fronted with a massive lesion involving the proximal 
third of the stomach. The lesion is roughly rounded 
and as nearly as one can tell is protruding into the 
stomach to a rather pronounced degree. This is 
very well seen on the plain films, in which there is 
some gas outlining the lesion. On one of these films 
there seems to be a rounded upper border to the mass 
in question. In the second film, which was taken 
somewhat later and perhaps in a different projection, 
there is less suggestion of a rounded upper border. 


CASE RECORDS OF THE MASSACHUSETTS GENERAL HOSPITAL 31 


The ulceration deseribed in the protocol is this large, 
rather rectangular pooling of barium, which cer- 
tainly seems to lie within the mass described (Fig. I). 
I think it is open to question whether or not the ul- 
ceration may extend further up into the superior 
portion of the mass just above the frank ulcer cra- 
ter. This is a point I cannot prove or disprove from 
the films at hand. 

What are some of the possibilities? Among the 
benign conditions that I think of is localized giant 
gastritis, which may present a real mass as confusing 
as this one. I have not seen one as large as this, 
however, or the central ulceration that is seen in 
this case. Benign gastric ulcer associated with 
gastritis is quite unlikely, since this ulcer appears to 
be within the lesion rather than protruding beyond 
the wall of the stomach. Syphilis — gumma of the 
stomach — I think can be dismissed as extremely 
rare and extremely unlikely, particularly with a 
negative serologic test. Aside from the inflammatory 
processes, one might consider in passing extremely 
large gastric varices, but the patient does not have 
enlargement of the spleen, the greater curvature of 
the stomach is not involved and the esophagus was 
grossly normal. I think I can discard that pos- 
sibility. 

The tumors are many. The most common type of 
tumor, of course, is a polypoid fungating carcinoma 
of the stomach, which I think must be given serious 
consideration. It is commonly as silent as this 
symptomatically, but I think there has been an 
unusual degree of bleeding in this case for carcinoma 
of the stomach. Lymphoma is in much the same 
category, and I cannot draw a real differential diag- 
nosis between lymphoma and carcinoma. An ex- 
treme degree of polyposis might be mentioned, but 
only in passing. It is extremely unlikely that it 
would have reached this degree while confined to 
only one small portion of the stomach. 

Interesting possibilities such as angioma must be 
borne in mind, especially with the large central 
ulceration and the pronounced degree of bleeding. 
I should like to know whether the lesion looked 
flexible fluoroscopically. This is the sort of mass 
concerning which one would be much helped by 
seeing the stomach fluoroscopically and by being able 
to palpate the lesion. 

The story of fibroma in the past makes me wonder 
about its being a fibroma, a leiomyoma or a leiomyo- 
sarcoma. I believe the leiomyomas and the leiomyo- 
sarcomas are more common than fibromas. I am 
unable to give any good reason that this was not a 
leiomyoma or a leiomyosarcoma; they are com- 
monly rather silent lesions as far as symptoms are 
concerned. They often produce considerable bleed- 
ing in the gastrointestinal tract. The large ulcer 
crater of which I can be certain was a rather typical 
punched-out one such as occurs with leiomyomas or 
leiomyosarcomas, but this type of lesion is less com- 
mon than the polypoid type of carcinoma. Ulcera- 
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tion of this degree is more common in leiomyomas. 
I think I shall put my first money on a polypoid 
carcinoma and leave leiomyoma as my second choice. 

Dr. Jacos Lerman: Not long ago I had a pa- 
tient who had a lesion in the upper part of the stom- 
ach not unlike this one; it consisted of a penetrat- 
ing benign ulcer with walled-off inflammatory re- 
action so that the patient presented a tumor mass. 
Eventually it penetrated into the spleen and into 
the pancreas, which had to be removed in toto. 

Dr. Wyman: That is a definite possibility, Dr. 
Lerman. I discarded it primarily because of the 
appearance of the mass within the stomach. That 
could have been an inflammatory mass that had 
formed and pressed secondarily on the stomach. 


CurnicaL D1acnosis 
?Carcinoma of stomach. 


Dr. Wyman’s Diacnosis 
?Polypoid carcinoma, ?leiomyoma of stomach. 
AnatomicaL D1acnosis 
Leiomyosarcoma of stomach. 
PaTuHo.ocicat Discussion 


Dr. Tracy B. Matiory: This patient was oper- 
ated on by Dr. Marshall K. Bartlett, who found a 
large, apparently well circumscribed, almost spheri- 
cal tumor in the gastric wall, located on the greater 
curvature. Sections of it showed a spindle-cell tu- 
mor of a type that has most often been called a 
leiomyosarcoma. However, these tumors often look 
so different from the leiomyosarcomas of the uterus 
that some doubt has been raised whether that is 
really a correct histologic diagnosis. In a few cases 
very well differentiated features characteristic of 
neurofibroma or schwannoma have been seen, sug- 
gesting that at least portions of these tumors arise 
from the nerve plexuses of the stomach walls rather 
than from muscular layers. In the more malignant 
undifferentiated lesions I think a distinction is often 
impossible, and it probably makes no difference in 
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prognosis or in treatment. In this case I thought a 
smooth-muscle origin was the most probable one — 
and we called this leiomyosarcoma. It was growing 
with considerable rapidity, and the prognosis must 
be guarded. Some of these cases develop metastases 
to the liver. 

In some of these tumors a very peculiar type of 
ulceration develops — a long, slender ulcer that 
extends deep into the center of the tumor with al- 
most the appearance of a fistulous tract; then, when 
the center of the tumor is reached, it branches out 
rather like an inverted mushroom in shape. Oc- 
casionally the radiologist is fortunate enough to be 
able to fill the entire tract with barium so that it 
shows up clearly in the plates; in that case he can 
make a diagnosis of spindle-cell tumor of the stom- 
ach with considerable confidence. There is no way 
in which the radiologist could distinguish a leio- 
myoma from a schwannoma, since the gross ap- 
pearance of these two tumors is identical, and there 
is also no way, so far as I know, by which he could 
decide whether the tumor was to be regarded as 
benign or malignant. That, too, is not altogether 
easv to decide histologically. A tumor that one 
would not regard with any particular fear in the 
uterus must be considered probably malignant when 
its origin is the intestinal tract. These tumors are 
often multiple in the stomach. Pathologists who 
have been particularly interested in the subject have 
examined stomachs at post-mortem examinations 
with great care by running every square centi- 
meter of the gastric wall between their fingers in 
order to feel the slightest little shot-like focus. It 
is not rare to find 5 or 10 minute tumors in a single 
stomach, which, of course, are so small that they 
would never produce symptoms and could not be 
visualized by x-ray examination. But any one of 
them might in the course of time grow to a large 
size and produce a picture such as this. My guess 
would be that this case does not represent a re- 
currence of a tumor removed during the previous 
operation but a new and probably similar tumor 
arising at a separate spot in the stomach wall. 
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POINT 4 PROGRAM— HEALTH CREDO 


“We believe that health improvement in all 
parts of the world is one of the main roads to peace.” 
This belief, already one of the cornerstones of the 
United States Point 4 program, was reaffirmed early 
in May by Dr. Leonard Scheele as he accepted the 
office of president of the World Health Organiza- 
tion and outlined WHO’s role in improving con- 
ditions throughout the world.' Health is a universal 
aspiration, but as a “road to peace” it may prove 
to be uncomfortably bumpy and surprisingly cir- 
cuitous. 

What well-intentioned political and medical 
leaders appear to ignore is that the health of per- 
sons and the health of nations, although related, 
are facts of as different orders as are microcosms 
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and macrocosms. The experience of Germany has 
shown that individuals can be enjoying good phys- 
ical health while the nation to which they belong 
is taking the road to war. Surely aggressive war- 
fare may be considered a manifestation of national 
ill health. The histories of Italy and Puerto Rico 
have shown that to control disease by modern 
measures that promote the health of individuals is 
to be confronted in a limited land area with insup- 
portable increases of population that seek room in 
which to live by almost any means, peaceful or 
violent. China and Korea have shown that under 
appropriate circumstances healthy members of 
human herds channel into predatory migration 
almost as easily as grasshoppers. The experiment 
of feeding India’s teeming millions is being made, 
but from an ecologic standpoint this is no simple 
matter of philanthropy. The ecologic question is: 
How valid is the naive belief that health improve- 
ment in all parts of the world is one of the main 
roads to peace? The belief is comforting, humani- 
tarian and Christian. Is it well founded? 

Anyone who has ever worked in a garden, mowed 
che 2 lawn, kept an aquarium or dogs, seeded a test 
tube with micro-organisms, hunted or fished or 
even passed an eighth-grade course in biology may 
be pardoned if he doubts the truth of our surgeon 
general’s statement. It is a half-truth, just as 
America’s health administration of Puerto Rico has 
been a half-success. To institute all available health 
measures for a people, to supply them with all 
needed food and to make no provision for a balance 
between births and deaths within a limited land 
area may be to sow dragons’ teeth — not for Dr. 
Scheele but for his children and his children’s 
children to reap. Cadmus undoubtedly had the 
best of intentions when he sowed his strange seed, 
but he harvested a crop of armed warriors — and 
the legend makes no mention of their being in ill- 
health, for they fell on each other and fought until 
only five were left. At this point, we are told, the 
most sensible one of the five said: “Brothers, let us 
live together in peace.” 

The modern ecologist is wondering :“ where the 
magnificent Mother-Ceres-like vision of today’s 
politicians is going to lead. He admires all four 
points of the Point 4 program, but he does not be- 


.... 
On leave of absence with the Armed Forces. 
Representing the New Hampshire Medical Society. 


34 THE NEW ENGLAND JOURNAL OF MEDICINE 


lieve that the principles of world ecology can be 
reduced to four points. The ecologist keeps coming 
back to Puerto Rico, Ireland, England, Europe, 
India, China and Southeast Asia. He witnesses 
the surplus Puerto Ricans migrating to Harlem, 
and he watches the North Korean and Chinese 
casualty list pass the million mark. He reads in the 
newspapers that a new weapon burns up many 
soldiers at a single burst, and he learns that nerve 
gases, atomic weapons and biologic warfare may 
prove effective agents of destruction when the 
human weeds have grown too thickly. He wonders 
why peace and war are not subjected to exhaustive 
scientific inquiry as manifestations of community 
health and disease — like nonparalytic and para- 
lytic poliomyelitis. He wonders why troubled 
Puerto Rico, historic Italy and peaceful Switzerland 
are not studied more intensively by WHO in order 
to determine not how to increase the numbers of 
inhabitants but how to improve the quality of their 
lives. Moreover, the ecologist believes, quite as 
profoundly as the public-health administrator be- 


- lieves in health, that it is necessary to determine 


how to maintain a balanced population within a 
given land area such as Puerto Rico or the state of 
Massachusetts before releasing the levers that con- 
trol population equilibrium in all the “underdevel- 
oped regions of the world.” 
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THE ART OF MEDICINE 


Manvat dexterity in a variety of forms has al- 
ways been associated with the art of medicine. This 
in no way refers to the once popular laying on of 
hands, which required no particular skill, but rather 
to an interest in the precise manipulation that is 
part of the stock in trade of the physician and sur- 
geon as well as of the artisan and the artist. 

Prior to the advent of relatively painless opera- 
tive technics, surgeons found it particularly desir- 
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able to be nimble-fingered and took pains to de- 
velop both facility and speed in fulfilling the re- 
quirements of their professional procedures. Most 
of them had hobbies requiring manual skill. Many 
were violinists. Some made their own surgical in- 
struments, carving elaborate designs on the bone 
handles. They developed incredible speed in operat- 
ing; one surgeon is said to have amputated an arm 
during the time in which a spectator turned aside 
to take a pinch of snuff — and missed the show; 
another is credited with having removed a limb, 
three of his assistant’s fingers and a bystander’s 
coattails with a single sweep of his possibly home- 
made knife. 

A well-known pediatrician who is also a most 
convincing magician and a lightning prestidigitator 
need not necessarily remind one of the periodeuteis 
or of those less honorable cutters for stone who some- 
times skilfully palmed a spurious calculus to be 
used as Exhibit A after the operation. A contem- 
poraneous surgeon may also be mentioned who 
made his office furniture while waiting for his first 
patients. His training as a surgeon was apparently 
dominant over his skill at cabinetmaking, there 
being no record extant of any difficulties that he 
might have encountered in shifting from a rabbet- 
ing plane to those instruments with which surgeons 
occasionally remove parts of the autonomic nervous 
system, for instance. 

In this general category of accomplishments the 
recent exhibition of works of art by members of the 
Massachusetts Physicians Art Association, which 
took place during the annual meeting of the Mas- 
sachusetts Medical Society, afforded a striking 
example of the ways in which the doctor has found 
solace in creative art. Less practical than cabi | 
making but equally useful as a distraction from thé 
cares of professional life, the employment of brush 
and pen and modeling clay has found its place in the 
avocational life of the physician and has demon- 
strated a steady improvement in his technic and an 
increase in his imaginative perception from year to 
year. 

It is only practical that this exhibition should be 
limited to bona fide works of art. The space and 
facilities required for a comprehensive doctor’s 
hobby show might tax those of the Boston Garden, 


| 
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even though such an exhibition would give con- 
vincing evidence of the variety of stars to which 
the sons of Aesculapius have hitched the painted 
wagons of their leisure hours. 


MUMPS IMMUNIZATION 


In 1934, Johnson and Goodpasture! established 
the etiology of mumps as a filtrable virus. Enders 
and Cohen? in 1942 confirmed their findings and 
extended them by developing a complement-fixa- 
tion test that permitted the identification of this 
virus. Using this test for the detection of mumps 
virus, Habel,“ at the National Institute of Health, 
and Levens and Enders,‘ at Harvard, almost simul- 
taneously in 1945 succeeded in propagating this 
virus in the developing chick embryo. The stage 
was thus set for the development of improved 
methods for the diagnosis of mumps and its com- 
plications and for further extensive serologic and 
epidemiologic studies leading to the development 
of suitable preventive vaccines. 

Numerous studies utilizing these new tools have 
since been reported from this country and else- 
where; these have been summarized by Enders“ 
and by Gordon and Kilham.* Many of the sero- 
logic and epidemiologic observations with the mumps 
virus have been confirmed and extended in a care- 
fully designed and executed series of studies re- 
cently reported by the Henles and their co-work- 
ers.7-10 

The results of their studies of over 1800 skin 
tests and over 1500 complement-fixation tests’ 
carried out with mumps virus that had been pro- 
duced in embryonated hens’ eggs showed a correla- 
tion with past known infections in the order of 70 
to 80 per cent. Neither the positive complement 
fixation nor the positive skin test afforded absolute 
assurance of resistance to mumps. Nevertheless, 
the incidence of infections among persons with 
positive tests was below 2 per cent in 2 separate 
epidemic groups that were studied, as compared 
with about 19 per cent among those giving nega- 
tive tests in one of these studies and 49 per cent in 
the other. Since there were some discrepancies 


between the results of the two kinds of tests, the 


authors believed that both the skin test and the 
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p tion test should be employed in 
determining the immune status of a subject. 

The Philadelphia investigators also studied the 
effect of the intradermal injection of the mumps 
skin-test antigen on antibody formation and on 
immunity to mumps.“ Not infrequently subjects 
who had negative serologic reactions prior to the 
skin test subsequently developed complement fixing 
and other antibodies. However, since adults demon- 
strated such an antibody response to the skin test 
more frequently and in higher titers than children 
under five years old, they believed that these re- 
sponses represented in many instances a recall 
phenomenon (anamnestic reaction) and not de-novo 
antibody formation. This interpretation was 
strengthened by the failure to interrupt the course 
of mumps outbreaks in several institutions by ap- 
plication of skin tests. The incidence of mumps in 
skin-tested and control groups of children in these 
institutions was nearly identical. 

The results of previous workers who showed that 
inactivated mumps virus injected subcutaneously 
in susceptible human beings will elicit antibodies 
was confirmed, as was also the observation that 
the antibodies so produced are indicative of pro- 
tection against infection.“ The immunity thus pro- 
duced was transitory, its duration being related to 
the height of the antibody level attained. Large 
quantities of virus were found necessary to assure 
protection against mumps. The amount required 
to produce measurable antibodies in nearly all 
susceptible persons was about 4 cc. of concentrated 
vaccine, representing about 80 cc. of infected al- 
lantoic fluid, or the harvest from more than ten 
chick embryos. The use of such vaccines in this 
manner on a large scale would thus seem to be almost 
prohibitively expensive.'® 

Enders and his co-workers" in 1946 showed that 
the mumps virus after 25 egg passages was no 
longer capable of inducing mumps in monkeys and 
in presumptively susceptible human beings when 
sprayed into the oral cavity. Nevertheless, by this 
procedure the monkeys were rendered immune to 


subsequent inoculation of virulent virus and anti- 
bodies were produced in the human beings. Pur- 
suing these leads, the Henles and their collabora- 
tors'® studied the response of 410 presumptively 


. 
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susceptible children to oral spraying of attentuated 
active mumps virus produced in eggs. Only 6 
developed mild infection and up to 93 per cent de- 
veloped antibodies in some groups, depending on 
the concentration of virus used. In most instances 
the serologic tests were negative one year after the 
spraying, but after skin tests at that time the anti- 
body response was greater in these children than 
in comparable control subjects. Experimental ex- 
posure of 4 children to mumps virus three months 
after immunization failed to elicit the disease, 
whereas 4 out of 6 controls developed clinical evi- 
dence of mumps after similar exposure. There was 
also suggestive evidence of protection during an 
institutional outbreak eight months after oral vac- 
cination. 

These and other studies by different groups of 
workers offer the prospect of successful application 
of large-scale immunization against mumps in the 
near future. 

REFERENCES 
hg re, E. W. Javestigation of etiology of 


1. —* C. D. 

J. Exper. Med. 59%: 1-19, 1934. 

2. Enders, and Cohen, 8. Detection of antibody by comple ment - 
fixation in sera of man and monke convalescent from mumps. 
Proc. Soc. Exper. Biol. Med. 865188. 18d. 1942. 

3. Mabel, K. \Caltivation virus in developing chick 

7 tion to studies o 
7 a 117 — to mumps in man. 


Le H., Enders, J. F. He tinative properties of 

cmbryonated eggs i wich mumps virus. 
5. Ender F. — as antigen with | reference to 

Horses’ Lectures. ‘Serie 


arvey s XLIII, 

Charles § Theses, 1950. Pp. 9 

, and Kilh L. T de of 

7. Henle Henle, W., Burgoon, 
J.. "Studies on — of. — 
J. Immunol. 66:535-549, 

8. Henle, G., et al. Studies on ation of II. Effect of 


9. Henle, G., et al. Studies on prevention of mu yo ay & 
— mumps vaccines. J. J 
“ork — 412 ntion of IV. Effect of oral 

opraying of attenuated active virus, J. Immunol. 66:579-594, 1951, 


WITHOUT SCRUPLES 

Tue word fractious, meaning, according to no 
less eminent an authority than Webster (Noah, 
not Daniel), “apt to break out into a passion. 
peevish, waspish, irritable, perverse,” is derived no 
doubt from the same Latin root as is fraction. And 
many a temper and many an ambitious young 
elementary scholar’s aspirations have been fractured 
against the arithmetical obstacles presented by the 
fraction. 
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A simple way out of these mathematical diffi- 
culties, however, was invented by certain logical 


minds in the form of the decimal system. With 


the help of this device and by sheer weight of num- 
bers the fragments of the pointless numerator-and- 
denominator method of calculation can be removed 
from the picture. 

Old customs die hard; although this country 
enthusiastically adopted at the very beginning a 
decimal coinage and, some believe, has continued 
the adoration of it ever since, the pound, the pint 
and the inch are still fixed institutions, and only in 
comparatively recent years have the gram and the 
milliliter begun to prevail over the scruple, the 
minim and the grain. 

This being the case in a land whose traditions are 
either relatively new or transplanted, it is with an 
element of surprise that the somewhat tardy follower 
of current events learns of certain developments 
that have been transpiring in Great Britain. 

The Committee on Weights and Measures Legis- 
lation of the Board of Trade, according to a leading 
article in the British Medical Journal of May 26, 
1951, has recommended that weights and measures 
in medicine and pharmacy should be given entirely 
in the metric system. Eventually, in fact, the com- 
mittee would like to see the entire imperial system 
replaced by the metric, and even advocates a deci- 
mal coinage. 

Medicine in Great Britain is at present function- 
ing in a bivalent manner, with so many of the newer 
chemical products listed in doses measured by the 
metric system. A beneficent five-year program, if 
sturdily adhered to, should, in the opinion of the 


cist; committee, effect the transition, so far as medicine 


and pharmacy are concerned. But when pounds 
and pence are abandoned in favor of dollars and 
cents, Old England will certainly be in the way of 
becoming another New England. 


An old woman in Salem, 76 years of age, is 
bedecked with a new crop of chestnut hair. These 
efforts of nature at a renewal of any part of the 
system, often seem to induce immediate organic 
derangement, and life is shortened by it. 


Boston M. & S. J., July 9, 1851 
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DEATHS 


Hype — Harold V. Hyde, M. D., of Cambridge, died on 
June 20. He was in his sixty-fourth year. . 

Dr. Hyde received his degree from Harvard Medical 
School in 1914. For many years he served on the staff of the 
Boston City Hospital and was visiting surgeon at the Mount 
Auburn Hospital, Cambridge. He was a fellow of the Ameri- 
can College of Surgeons. 

A daughter survives. 


LittLer1eLp — George C. Littlefield, M.D., of Webster, 
died on June 14. He was in his seventy-ninth year. ‘ 

Dr. Littlefield received his degree from Bowdoin Medical 
School in 1897. He was a fellow of the American Medical 
Association. 

There are no immediate survivors. 


MISCELLANY 


BERTNER FOUNDATION AWARD 


The second annual award of the Bertner Foundation has 
been conferred on Dr. Fred W. Stewart, pa ist for the 
Memorial Hospital Center for Cancer and Allied Diseases, 
New York City. 

On April 21 Dr. Stewart delivered the Bertner Lecture at 
the University of Texas M. D. Anderson Hospital's Fifth 
— Symposium on Fundamental Cancer Research in 

ouston. 


ARE LECTURES ENOUGH? 


To the Editor: I wish to commend the recommendation of 
the Committee on Membership of the Massachusetts Medical 
Society to the Executive Committee in regard to postgraduate 
study lecture courses for graduates of formerly unapproved 
or foreign medical schools. 

It is noteworthy that, unapproved schools having ceased 
to t, the American Medical Association has recommended 
to recognized hospitals the admission of these graduates 
as interns and residents; as a corollary, they should be ad- 
mitted to at least the courtesy or community-hospital staff. 

Since the gates of most hospitals have been closed to 
graduates of unapproved schools, an unhealthy practical and 
educational problem has arisen; one cannot deny doctors 
the benefits of modern hospital guidance, training and educa- 
tion and expect the competent physicians or beneficial ad- 
vantages to the patient that result from improved medical 
know „ technical skill and the advantages of improved 
hospital facilities and well trained staffs. 

me hospitals are now imposing further residency and 
long waiting periods; hospital admissions having increased, 
instead of more or larger hospitals, admissions are restricted 
to emergencies ot to cases of the higher-ranking staff members; 
public institutions have become restricted to the use of a few 
ns. This is an unhealthy and explosive situation for 
h the physician and his patients, forcing the patients 
to seek government aid for more hospitals or government 
medical care and forcing the doctor to enter specialized prac- 
tice or small, inferior or nondescript hospitals that offer none 
of the known advanta 
Well-educated physicians can come only from a hos- 


pital that supervises, trains and stimulates interest in reading 
or postgraduate studies. One learns by doing, for which there 
is no substitute. 


Norman S. Goetz, president of the Hospital Council of 
Greater New York, states: The level of practice within any 
community depends primarily upon the association of its 
physicians with hospitals. The addition of more physicians 
to the staffs of hospitals with the resultant opportunities for 
their education, training and guidance is to be regarded as a 
call upon the conscience of our hospital governing boards. 
Many of the physicians who do not have opportunities are 
general practitioners.” 

The graduates of ‘unapproved schools are in an even worse 
plight, ause of misinformation, prejudice and remaining 
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hospital restrictions imposed 


7 the American Medical 
Association in its effort to have only qualified medical schools. 

The Committee on Hospital and Professional Relations and 
the Executive Committee of the Council should make a con- 
certed effort to open up hospital facilities on a more equitable 


basis or, as recommended by Dr. H. Quimby Gallupe, for the 
tgraduate hospital training and education of physicians 
rom unapproved schools. 
Similarly, Dr. Gallupe, in a message to Middlesex West 
District Society, advocated admission to hospital privileges 
of every registered physician in the community. 


Avexanver Younc, M.D. 
Huil, Massachusetts 


BOOK REVIEW 


Medical Books, Libraries and Collectors: A study of bibliog- 
raphy and the book trade in relation to the medical sciences. 
By John L. Thornton, A.L.A., librarian, St. Bartholomew’s 
Hos ital Medical College. With an introduction by Geoffrey 
L. Keynes, M.A., M.D., F.R.C.S. 8°, cloth, 293 pp., with 
19 illustrations. London: Grafton and Company, £349. 

Mr. Thornton has accomplished in his book a pleasing and 
instructive blending of the history of medicine, the making 
and distribution of books, the listing of material and the 
preservation and servicing of the written and printed word 
in medical libraries designed for that —— 

efore the invention of printing, either from wood blocks 
or from metal type, the medium of expression, except for 
8 language, was limited to various types of manuseripts. 

e author begins his story with this iod and carries 
it through the centuries to the nineteenth. 

Fifteenth- century books have benefited by the strongest 
concentrated study to the 1 time. It must be remem- 
bered that a pective of a few hundred years is required 
for a true evaluation of any period. 

Neuberger, in writing his great history of medicine, found 
it too dificult to continue his work beyond the early period. 
Likewise, Sarton, in his monumental work on the history of 
science, has only reached the thirteenth century. What is 
needed urgently at the present time is a listing of the sixteenth- 
century writings and an evaluation of the knowledge of that 
century. 

Thornton’s book is a mine of information about the history 
of medical societies, periodical literature, medical bibliog- 
raphy and bibliographers, medical publishing and bookselling 
and medical libraries, public and private. The two appendixes 
are invaluable, providing chronologic lists of medical societies 
and institutions and of medical libraries and institutions 
that have large medical collections. 

There is a index, and the book is well published. 
The reviewer has found it necessary to read almost every 
word of the text, and finds that the author is unprejudiced 
and gives credit where credit is due. The book is recom- 
mended for all medical and public libraries, and should be 
on the desk of every medical librarian and historian. 


James F. 
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The receipt of the following books is acknowledged, 
and this listing must be as a sufficient return 
for the courtesy of the sender. Books that appear to be 
of particular interest will be reviewed as 
Additional information in regard to listed books 
will be gladly furnished on request. 

Post-Graduate Lectures on Diagnosis and Indica- 


ic 
tions. By Arthur Steindler, M. D., professor of ie 
surgery, State University of Iowa College of Medicine. 
Vol. 1. 4°, cloth, 280 pp., with 290 illustrations. Spring- 
field, Illinois: Charles Thomas, 1950. 37.50. 

In these lectures Dr. Steindler has summarized his ¢ xten- 
sive knowledge of the subject gained from thirty yea's’ ex- 
perience in practice. The lectures are divided into two parts: 
r in orthopedic diagnosis; and congenital deform- 
ties and disabilities. The first part discusses symmetry and 
asymmetry of the » contractures, interpretation of pain 
in ic surgery and the pathology of gait. The second 
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treats of congenital deformities and disabilities in general 
and conditions due to disturbance of bone growth: the chon- 
drodystrophies, congenital deformities of the spine and thorax 
— talipes, congenital defects and malformations o 
the long bones of the extremities, congenital dislocation of the 
hip and congenital deformities of the upper extremities. The 
book is well published, and there are indexes of subjects and 
authors. The volume should be in all collections on ortho- 


The Esophagus and Pharynx in Action: A study of structure in 
relation to function. By William Lerche, M.D., 8°, cloth, 2 

„ with 93 illustrations. Springfield, Illinois: Charles C 

omas, 1950. $5.50. 

In this monograph the author discusses the closing mecha- 
nism between the stomach and the esophagus on the basis of 
his experimental researches and a arene of the literature on 
the subject. A bibliography of 226 references is appended 
to the text, and there are indexes of subjects and authors. 
The monograph should be in all collections of physiology 
and gastroenterology. 


Clinical Examination of Patients: With Notes on Laboratory 
Diagnosis. By John Forbes, M.D., M.R.C.P., r to 
the Wrexham Hospitals, and W. N. Mann, M. D., F. R. C. P., 
assistant physician to Guy’s Hospital. 8°, cloth, 323 pp., 
with 60 illustrations. Baltimore: Williams and Wilkins Com- 
pany, 1950. $4.50. 

This small volume is intended as a guide to the student 
during his introduction to clinical medicine. The text is well 
illustrated, there is a good index, and the publishing is ex- 
cellent. The printing was done in Great Britain. 


The Antihistamines: Their clinical application. By Samuel 
M. Feinberg, M.D., associate professor of medicine, chief, 
Division of Allergy, and director, Allergy Research Labora- 
tory, Northwestern University Medical School; Saul Malkiel 
Ph.D., M.D., assistant professor of medicine and director of 
research, Allergy Research Laboratory, Northwestern Uni- 
versity Medical School; and Alan R. Feinberg, M.D., clinical 
assistant in medicine and attending physician in Allergy 
Clinic, Northwestern University Medical School. 12°, cloth, 
291 pp., with 26 illustrations. Chicago: Year Book Publishers, 
Incorporated, 1950. $4.00. 

The text of this small monograph is divided into two parts: 
experimental studies on histamine and the antihistamines; 
and clinical observations, discussing respiratory allergy, 

matoses, miscellaneous allergic manifestations, adminis- 
tration and dosage, and toxic effects of the antihistamines. 
There is an extensive bibliography of 586 references and a 
good index. The monograph should be in all collections on 


Cerebral Palsy. By John F. Pohl, M.D., orthopedic surgeon, 
Michael Dowling School for Crippled Children, Minneapolis, 
Minnesota. 8°, cloth, 224 pp., with 131 illustrations. Saint 
Paul, Minnesota: Bruce Publishing Company, 1950. $5.00. 

This small book is devoted to treatment and especially to 
neuromuscular training. There is a index. e is 
= published and should be in all collections on the sub- 
ect. 


Pneumoconiosis: Beryllium, bauxite fumes, compensation. 
(Leroy U. Gardner Memorial Volume.) Edited by Arthur 
L Vorwald, M. D., director, Trudeau Foundation and Saranac 


Laboratory. With the collaboration of Manfred Bowditch, 
Thomas M. Durkan, M.E., and Theodore C. Waters, 

cloth, 659 pp., with 196 illustrations and 78 tables. 
: Paul B. Hoeber, Incorporated, 1950. $7.50. 
(Sixth Saranac Symposium.) 

This composite volume comprises 39 articles by different 
authors on the various aspects of the beryllium problem. 
They constitute the papers read at the sixth Saranac sym- 
posium. The material is divided into seven parts: history 
and industrial aspects; the acute disease; the chronic or de- 
layed disease; toxicity studies in connection with atomic- 
energy production; experimental aspects; Shaver’s disease; 
and compensation for occupational disease. A bibliography 
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of forty-eight concludes the text. There is a good index, 
and the book’ is: well published. This treatise should be in 
all collections on occupational diseases and toxicology. 


Bibliographia Medica Helvetica. Vol. VI (1948). 8° papers 
541 pp. Basel: Benno Schwabe and Company, 1950. Bro- 
Fort) Fr. 15 — (Distributed by Grune and Stratton, New 


ork. 
This sixth volume of a medical bibliography of Swiss 
writings is well published. It has comprehensive indexes of 
authors and subjects. The price is reasonable, and the volume 
should be in all collections of medical bibliography. 


O Que o Diabético Deve Saber. By Dr. Francisco Arduino, 
assistente da 5. Cadeira de Clinica Médico de Faculdade 
Nacional de Médicina, medico da Assisténcia Municipal. 
Apresentacao do Prof. Luiz A. Capriglione. 8°, paper, 100 
„ with 15 illustrations. Rio de Janeiror: Grafica Santa 
ecilia, 1950 
This popular manual for the diabetic patient discusses the 
various aspects of diabetes and its treatment and control. 


A Text-Book of Venereal Diseases. By R. R. Willcox, con- 
sultant in venereal diseases, St. Mary’s Hospital, London, 
Venereal Diseases Department, King 
ward VII Hospital, Windsor (N. W. Metropolitan Re- 
ional Hospitals Board), and member, Council Society for 
tudy of Venercal Diseases, London. 8°, cloth, 439 pp., with 
a New York: Grune and Stratton, 1950. 


This new book on the venereal diseases is divided into three 
arts: gonorrhea, syphilis and the various agents of treatment. 
e text is well written, there is a good index, and the pub- 
lishing is excellent. The printing was done in Great Britain. 
ance of the Body Fluids in Clinical Medicine. By 


Signi 
L. H. ewburgh, M. D., professor of clinical 
University of Michigan Medical School, assisted by Alexan- 
der Leaf, M.D., instructor in internal medicine, University 
of Michigan Medical School. 8°, cloth, 76 pp., with 16 illus- 
5 ood 6 tables. Springfield, Illinois: Charles C Thomas, 


This small monograph is based on the Ernest A. Sommer 
Memorial Lectures delivered at Portland, Oregon, in 1946. 
The text is divided into two parts: physiology and clinical 
significance. 


Leitfaden fiir Prostatiker. By Professor Dr. med. J. Minder, 
Spezialarzt der U ie in Zürich. 8°, paper p., with 
Stuttgart: Georg Thieme, 1950. Kartoniert 


This small manual discusses all the aspects of prostatic 
disease. Die Lunge des Kindes: Wachstum, Anatomie, Physiol- 
ogie und Pathologie in den verschiedenen SS By 

fessor Dr. Stefan Engel, London. 8°, cloth, 288 pp., wit 
283 illustrations. Stuttgart: Georg Thieme, 1950. Ganz- 
leinen DM 29.70. 

This book is a German translation of the English edition. 
The text is divided into two parts: the bronchial tree and 
glands; and the lung. The author discusses the growth, anate. 
omy, physiology and 12 — of the bronchus and lung in 
various age periods of children. 


Carbon Dioxide es A neurophysiological treatment of 
nervous disorders. By . Meduna, MD. rofessor of 
psychiatry, University of Illinois College of Medicine. 8°, 


cloth, 236 pp., with 9 
Charles C Thomas. 195 

This monograph presents the investigations of the author 
on a special treatment of the psychoneuroses. The text is 
divided into a number of parts on the central actions of car- 
bon dioxide, its effect upon the function of isolated nerve and 
upon the function of the brain, technic and administration 
in treatment, and material and statistical data. A final 
chapter presents a neurophysiologic theory of psychoneuroses. 
A bibliography is — to the text. e monograph 
should be in all collections on psychiatry and neurology. 

(Notices on page xiii) 


illustrations. ringfield, Illinois: 
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